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PREFACE. 



OuK pi-esent knowledge of tbe urine and of diseases of the 
unnary organs may be siiid to be altogetlier abreast witli otlier 
departments of scieiitiiie and practical mediciDe. At present, 
however, this knowledge is only accessible to the Btudent 
ttaroilgli Bomewliat extended search through general works on 
Medicine, Surgery, Pathology, Physiological Chemistry, Mi- 
croscopy, etc., in addition to the various works devoted to this 
special subject. Euro^wau writers, — especially those in our lan- 
guage, — following the sharp division between medical and sur- 
gical diseases, have invariably considered the present subject, 
both in general and special works, either finro an exclusively 
medical or surgical point of view, and American writers thus far, 
without exception, have followed this example, But in Americft 
the whole profession is taught and qualiHed to practice both medi- 
cine and surgery, and, therefore, the above-mentioned custom 
compels the student, in oi-der to gain a complete knowledge of 
this snliject, to study several authorities, entailing increased 
expcnseand time, if not, indeed, confusion. Believing, therefore, 
that American authors sliould.so far as is possible, deal with 
the whole subject comprised in the titles of special works, it has 
been the aim of the author in the present work to furnish the 
student, physician, and surgeon, in one moderate-sized volume, 
the essential features of our knowledge of the urine and urinary 
diagnosis, thoroughly up to date, and in the most systematic, 
practical, and concise form. In carrying out this object an 
effort has first been made to bi-ing out prominently the relations 
of tbe chemistry of the urine to physiological processes and 
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pathological facts. Thus, in dealing with normal urine, each 
constituent has been considered, so far as at present is known, 
in the following order: Its chemical nature and composition; 
its source in the economy; the si<rnificance of its increase 
or decrease in the urine, with the relations of these to meta- 
bolic processes, food-supply, physical surroundings, and tend- 
ency towanl disease; and, finally, the most approved methods 
of its detection and determination have been described. In 
dealing with abnormal urine each morbid constituent has been 
considcreil, so far as at present is known, in the following 
order: Its chemical nature and composition; its source in 
the economy ; the clinical significance of its api)earance in the 
urine ; and, Ustly, the most approved methods of its detection 
Mid determination have been described. This metliod aims 
at teaching not only how to detect, isolate, and determine the 
constituents of the urine, normal and abnormal, but also to de- 
termine the presence of disturbed physiological processes, to 
detect the presence of pathological changes, and to measure the 
degree of both. 

The second division of the work— Urinary Diagnosis aims 

nt a concise description of the special features of the urine that 
indicate the presence of special pathological processes in prog- 
y^gg in the economy, whether they be local or general, medical 
or sofgical, together with a brief enumeration of the leading 
diBioal symptoms of each disease, and, in most cases, an 
epitome of their nature and etiology. 

Having compassed the whole text, it is designed that the in- 
vestlgator will next be in a position to utilize the information 
thereby furnished to the best practical diagnostic purposes, and 
give him the mastery over the diseases considered,— /or, as a 
rule, he who has accurately diagnosticated disease, has already 
constituted himself its conqueror. 
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The autbor li.is Treely quoteil tbe viena of stamlard authori- 
ties, endenvoriiig in all casea to make due acliiiowlcdgmetit-of 
the snme tliroiighout the text. Should, however, any of the 
latter bnve been overlooked, he desires here to expresa hia obli- 
gations for all knowledge derived from fellow-laborers in tbe 
same field of work. 

Some repetitions of matter will l>e noted, both in the text 
and foot-no tea, the object being to sove referencea to other parts 
of tbe work and render it more convenient as an open band-book 
for the laboratory table. 

Over twenty-five years' experience, coupled with a somewhat 
liberal examination of the literature of this aubject, as well as 
considerable practical obacrvation and experiment, have enabled 
the author to contribute some original matter and methods, 
which, he trusts, will prove to be an advance in certain practical 
departments of tbe subject. 

Finally, an appendix has been aildud upon the subject of 
urinary examinations for life-insurance. Believing, from some 
experience as a medical director, that on the one hand life-insur- 
ance asaocintiona are often unjustly called upon to pay insurance 
on uninsurable lives, and on tbe other hand that applicants are 
oflou deprived of the privileges of life-insurance to which they 
are justly entitled, especial paina have been taken with this de- 
partment of the work, with the earnest hope of contributing, in 
some degree, to the amelioration of these two forms of injustice. 

ST KtBT Twerthth Street. 
CatCAGO, September, IBM. 
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GENERAL CONSIDERATIONS. 

The recent advancea in our knowleiige of physiological cliem- 
istry. with tlie more extended and refined use or the microecope, 
have lent great precision to the study of the composition of the 
urine, and thereby furnished us with a keener insight into the 
relationship of the urine to tlie organism, both in health and in 
disease. The variations in nutrition and waste tire accurately 
recorded in the urine hour by hour, and by an intelligent inter- 
pretation of modem methods of uranalysis these physiological 
tides may now be read as accurately as we can number the pulsa- 
tions of the heart. By the same methods we are now enabled to 
meaeare the hourly inroads upon the orgfinism made by disease 
with a precision often greater than is afi'ordcd by the pnlse or 
the clinical thermometer. Wherever in the economy pathogenic 
processes serionsly disturb nutrition or normal metabolism, the 
results are recorded in the urine, because the urine, more emi- 
nently than any other excretion, represents the equation of these 
changes. 

The accurate study of the urine, therefore, has become one 
of the essential features in advanced cUnicnl medicine. Indeed, 
through uranalysis alone can an almost daily increasing number 
of diseases be determined, their intensity be gauged, and their 
progress toward recovery, or their tendency toward a fatal ter- 
miimtion, be predicted. While it is impossible to diagnosticate 
all diseases from the urine, it is, nevertheless, true that no seri- 
ous disease can be in progress in the economy without giving 
rise to more or less marked changes in the chnrat-ter of the urine, 
and Iheroforo we can no longer afford to exclude urinary analysis 
fVora the scientific investigation of any serious form of disease. 

In order to fulij' comprehend the relations of the nrine to 
the organism under the influence of the various pathologic&I 
conditions, it is first necessary to become actjuainted with the 

(1) 



physiology of seci-etioii and uxureliou of the urine, ns well as 
the normal composition of the latter, togctlier with those fluct- 
uations which are included within the range of bealtb. 

While a number of points ill the physiology of the secretion 
Rnd excretion of the urine still remain undetermined, it may be 
stated that our present knowledge of the snliject indicates that 
the process is partly a physical and partly a vital one. The 
older theory of Bowman, based on the nnatomical constructloa 
of the kidneys, taught that the epithelial cells of ibe urinary 
tubules constitute the true secretory structure of the kidneys, 
while the glomeruli act as mere fillers for the escape of the 
watery elements IVom the blood. According to Uowman, there- 
fore, the filtrate from the glomeruli consists almost solely of 
water, which aids in estractijig the other constituents of the 
uriue from the epithelium of the tubules in its passage along 
the latter. 

Ludwig, on the other hand, explains the process on purely 
physical grounds, busing his theory on the varying degrees of 
blood-pressure in the glomerular circulation and the interchange 
of constituents by dilfusion or osmosis in the urinary tubules. 
Assuming that the relative blood- pressure in the kidney is great- 
est in the glomerular tufts in consequence of the resistance to 
the efferent circulation, Ludwig holds that, consequently, a free 
exudation of water takes place from the tufls, with, perhaps, 
some dissolved salts. This renders the blood much concentrated 
— thickened — when it reaches the capillary plexus surrounding 
the convoluted tubes, while within the latter is now the thin, 
aqueous flllrate from the tufts. It will be noted that such con- 
ditions form nil the essential elements for active osmosis, — within 
the tubules thin, watery fluid, and in the surrounding capillaries 
thickened blood, while between them is interposed n thin mem- 
brane, — the tubular wall. An interchange of elements conse- 
quently oocura, by uicans of which water from the urinary lubnlcs 
passes into the blood ; while, ou the other hand, the products of 
retrograde tissue changes — ui-ca and salts — pass from the blood 
into the tubules, mingling there with the tbin fluid and consti- 
tnting the urine. 

Unfortunately for the theory of Ludwig, he leaves out of 
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consider^ition any function on tlie part of the renal epithelium, 
which violntes nnalogical reasoning, be<?auBc the renal epithelium 
possesses the nnutouiicul peculiarities of glandular epithelium, 
the function of which is secretory or selective wherever else met 
with throughout the economy. Moreover, both clinical and 
pathological experiences teach that the renal epithelium pos- 
sesses a disLinct and important fuHL'tJoii in tlie elaborating proc- 
osaps of the kidney ; for, in diseases which destroy or remove 
this epithelium from the urinary tubules, urea and allied prod- 
ucts are retained in the system, and the phenomena of urieiuia 
is evoked. Finally, the interesting experiments of Ileidenhain 
have conclusively proved that the remit epithelium possesses a 
distinct selective power, as follows: If a slightly -eon cent rated 
solution of indigo-Bul|>hate of sodium be injected into Llie blood 
of an animal, a blue color will soon after be comniuiiiunted to the 
nrine and the epithelium of the convoluted tubules and ascending 
limbs of Heule'a tubes, while the Malpighian structures do not 
present the slightest trace of blue. If the spinal cord of an 
Buimal be lirst divided and the indigo injection be subsequently 
made, the following phenomena may be observed: No urine 
whatever reaches the bladder, but the blue color passes into the 
kidney and may be seen in the convoluted tubes and ascending 
limbs of Henle's tubes as before. Ten minutes after the injec- 
tion the coloring matter is found solely in the epithelial cells in 
the locations ai>ove noted. An hour after the injection the epi- 
thelial cells arc found colorless, the blue matter having passed 
into the lumens of the tubes, where, in the absence of water from 
the glomeruli, it concentrates into crystals. This establishes a 
distinct eliminative power on the part of the renal epithelium 
altogether independent of the glomeruli, because the latter were 
paralyzed by section of the spinal cord. 

It seems altogether likely, therefore, tliat the chief speciHc 
principles of the nrine are elimiuated by the renal epithelium, 
precisely aa are the coloring matters in Beidenhaiu's experi- 
ments. This seems the more probable now, since it is pretty 
well established that the chief urinary constituents — urea, uric 
ftcid, etc.— *xist preformed in the blood. Our present knowledge 
oa this subject warrants the conclusion that the production of 
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the urine is chiefly an el&boratiog or secreting process, regulated 
in its fluidity hy the glomerular system. In other words, that 
the water and some or the salts are secreted by the glomeruli, 
the peeulinr anatomical construction of which permits a varying 
degree of acCivity correspond! ug chiefly with the varying degrees 
o( bluoil-iireasure and blood-fluidity ; while, in the main, the solid 
excretory products of the urine are eliminated by the epithelium 
of the renal tubules, through tlieir vital, selective, or secretory 
jwwer, as in all other gtauduUr structures of similar anatomical 
construction. 

Composition of the UrJne. — The constituents of normal urine 
are ik'rivcii from the elements of retrognide tissue metamorphosis 
in the healthy state of the organism, together with certain waste 
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products of substances introduced into the system in the form of 
food and beverages. The normal constituents of the urine, ac- 
cording to the bnsia of classification adopted by Uoppe-Seyler, 
are as follow : 1, Urea and related RubBtauces,^ — uric acid, nllan- 
toin, oxalic acid, xanlliin, gnanJn, ercatiuin, thio- (sulpbo-) cyanic 
acid. 2. Fatty and other non-nitrogenoiis substances, — fatty 
aciils of the series C„H;iiOa; oxalic, lactic, glycero-phosphoric 
aci<Is; very small quantities of certain carbohydrates — sugar 
(Brucke). 3. Aromatic substances, — the ethereal sulphates of 
phenol, cresol, pyrocateehin, indoxyl, and skatoxyl; hippuric 
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aciil, flronmtic oxjat^iils. i. Olber organic substanceB,— 
mfuU; f<!rmeiits, especially [lepaiii; mucus, and humous sub- 
stances. 5. Inorganic sails, — cbiorides of sodium and jiotasBium, 
potnssium sulphate; sodium, calcium, and mii^rne^^ium phos- 
phatea ; silic acid, atnmoniuiu compounds, aud calcium carbonate. 
6. Qases, — uilrugen iind carbonic acii). 

The quontiUttive composition of the human urine is bent ex- 
presHed iu the classical table of Parkcs, as on preceding page. 

The proportion iielween the solids of tlie urine and the water, 
according to Hecquerel, is as Tollows : Water 967 grains, solids 
33 grains iu each 1000 grains. Of the solid matters the organic 
elements amount to about 24.8R5 grains, while the inorganic con- 
stituents are about 8.136 grains in each 1000 grains, 

Changes in the Urine upon Standing Considering the some- 
what complex composition of the urine, lioliling as it does in so- 
lution l)oth organic and inorganic compounds which arc Bulijcct 
to organic as well as chemical alterations, as might be expected, 
the urine is subject to more or less rapid clmuges after it has 
been voided. The rapidity of these changes depends chiefly ii|)on 
the reaction and concentration of tlie urine, tlie temperature of 
the room in which it is kept, and the degree of access to micro- 
organisms. A normal acid urine usually first preci)>itateB the 
amorphous urates, then uric acid, and' ftcquently oxalate of cal- 
cinm. Under ordinary circumstances these changes take place 
within three days after the urine is voided. At ordinary tem- 
peratures (70° to 74" F 21.1° to 23.3^ C), after twenty -four 

to forty-eight hours' standing, and much sooner under high tem- 
{wratures (say, 100^ F. — 37. B° C), the urine begins to become 
dull and opaqi/e from the presence of micro-organisms,— _yiKM'on 
fungi. Theaie multiply, and at the end of four or five days, as a 
OQnsequence, ammoniacal decomposition sets in; that is to say, 
through the activily of the fungi the urea is gradually trans- 
formed into carlionate of ammonium. The urine liecomes more 
and more alkaline from the liberation of ammonium carbonate. 
Tlie amorphous urate deposit now becomes transformed into 
urate of ammonium, uric-acid crystals are substituted by char- 
acteristic prismatic crystals of ammonio-magnesian phosplmte 
(triple phosphate), and amorphous granules of calcium phosphate 
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are deposited iu quantity at the bottom and sides of the vessel. 
Finally, Llie bacterial activity diminishes as the urine beeomes 
strongly alkaline, and ttie micro-organisms ultimately i)eri8li. 
Uriues of low density nnd feeble acidity undergo the above^e- 
B'.'ribed cbanges more rapidly, and, moreover, as a rule, do not 
deposit urates. 

A chfinge sometimes occurs in acid urine, consisting of pro- 
grcMsive acidity, in which the urine darkens in color and deposits 
uric acid and urates and sometimes calcium-oxalate crystals, with 
the frequent presence of yeast-fungus and bacteria. This was 
formerly termed the "acid /ermeiitation,'' but, according to 
Soberer, it is caused by the mucus, which acta as an enzyme, or 
ferment, producing an acetic-acid or lactic-acid fermentation, with 
precipitation of uric acid and flcid unites. 

Collection of Urine for AnalyBis. — For the purpose of quanti- 
tative deturminatiou of the urinary constituente it is essential 
to have a sample of a mixture of the whole product of the kid- 
neys for twenty-four hours. The varying degrees of solid and 
fluid contents of the urine at different hours of the day render 
llie observance of the above rnle strictly essential if we desire a 
sample of urine thnt will represent the average product of the 
kidneys. In order to guard against the early changes in the 
urine which have just l)een described, tlie urine should be col- 
lected in a per fectlij -clean vessel, — preferably a half-gallon bottle, 
— which should stand in a cool but dry room during the collec- 
tion, and the bottle should be corkeil after each addition of urine. 

For qualitative determination of the morbid products of the 
urine — as sugar, albumin, etc. — it is preferable to collect a fresUly- 
voiiled sample of the urine about three hours after a meal, not the. 
urine voided in the morni»g on rising. Of all urines, that voideil 
in the morning on rising is the least likely to contain albumin 
or sugar. When these substances are only occasionallj' present 
in the urine, they are most likely to be found after food and ex- 
ercise. Finally, in collecting a sample of uriue for purely micro- 
scopical examination, it should be perfectly fresh and as con- 
centrated as possible. It bus been shown that the urine soon 
undergoes ammoniacal clianges upon standing, the result of which 
IB to render it more or less strongly alkaline. Now, morphological 
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elements, «» eiiillielium imd casts, ore soluble in nlkaline boIu- 
tions ; so that they may, if preaeiit when the urine is voided, be- 
come mi recognizably nltcreil, or even disappear, if the foregoing 
precautions be not observed. Content rat ion of the urine may be 
obtniue<l by directing the patient to abstain, as much as oonsiBteiit 
with eomrort, from the use of fluids for twenty-four Lours. 

PHYSICAL CHARACTERS OF THE URINE. 

Color. — Tlie average color of normal urine of specific gravity 
1020 ami 1500 cubiu centimi'tres' volume for twenty-four hours 
IB ati-aw or wine yellow, — amber-colored. This, however, is sub- 
ject to considerable viiriations at different times of the day, and 
under varying eircumstancL-a included within itie range of perfect 
health. Thus, from an almost colorless (wntery) appearance the 
urine may range through the yellows iind reach reddi^ih brown. 
The pale, watery urine in heall h contnius relaliveli/ small atnounts 
of coloring matter, as well as uren and salts. It is seldom very 
acid, often neutral or feebly alkaline, and it is most ollen brought 
alwut by copious drinking. Highly-colored urine, on the con- 
trary, is usnitlly concentrated, containing relatively large quan- 
tities of solids and coloring matters. Its specific gravity is high, 
ojid its reliction is usually sharply acid. It results from dimin- 
ished excretion of water by the kidneys, while the solids and 
coloriDg matters are noi-mal or increased. In health it may 
occur after hearty meals, vigorous exercise, or when the skin 
bus been unduly active and little fluids imbibed. 

I'dlholoijicnUy the urine is subject to much wider variations 
in color than in health. This may be due either to increase or 
diminution of the normal coloring matters, on the one hand, or, 
on the other, to the addition of abnormiil pigments. Abnor- 
mally light-colored urine is often due to polyuria, as in diabetes, 
hysteria, and convulsions; or it is often observed in diseases of 
the kidney which not only increase the normal amount of water 
In the urine, but which also reduce the solids and coloring mat- 
ters, — notably, interstitial nephritis and amyloid degeneration 
of the kidneys. Highly-colored urine, approaching red, is most 
often induced by acute pyrexia and inflammations. This is due 
is part to concentration of the urine, though largely also to the 
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presence of uro-erytlirine. Tlie ilisliin.'tlj- rwl lints of the urine 
are atwuj-s due to the presence of foreign coloring matters, most 
olten blood. Tlie itiirk-tirown tints umy be due to the presence 
of metb^moglobin in diseases of the kidney attended by hem- 
orrhage. The urine in cases of melanotic cancer Bometinics In- 
comes Almost black, especially after standing for some time. 
Green urine, of dull hue, is eommon in jaundice, tbe color being 
due to the presence of biliverdin. The urine is frequently of a 
greenish hue in dialwtes, notably when the urine contains a high 
percentage" of sugar. Blue urine, of dull tint, is not uncommon 
in cholera and typhus, owing to the presence of indigo. Finally, 
certain drugs, when swallowed, affect the color of the urine to 
a more or less marked degree ; thus, rhubarb and senna cause 
brown or reddish tints; carbolic acid sometimes causes a black 
color ill the urine, notably after the urine has stood some time; 
the same results follow the Ingestion of naphthalin, hylrochiiion, ' 
resorcin, and pyrocatechin. Lastly, santonin, when swallowed, 
always causes a yellow color in tlje urine, of decided line. 

J. Vogel has, at considei'able labor, constructed a scale of ' 
colors of the urine from nature, which has, in a manner, become 
standard for comparative purposes. These colors he expresses 
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as (I) pale yellow, (2) light yellow, (3) yellow, (4) reddish yel- 
low, (5) yellowish red, (G) red, (7) brownish red, (B) reddish 
brown, and (9) brownish black. (See Frontispiece.) He divides 
these into three groups, the first three lieing yellow urines, the 
second three reddish urines, and the last three brown or dark 
urines. In comparing the color of the urine with the scale the 
urine should first be filtered if not perfectly clear, and it should 
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be examined by tmnsinitted ligbt in a glusa vessel at least tliree 
or four inchta in diameter. It i» dfLimed that the shades of 
color in Yogel's ecale corres{>ond to certain relative amoimts of 
ooioring matter in the urine, and the test-table on preceding page 
has been constructed for the purpose of color analysis. 

Apjilicnlion. — The table indicates how nincb coloring matter 
equal jmrts of urine of different colors contain relatively. Thus, 
if a certain volume of pale-jellow urine contain 1 part of coloring 
matter, the same volume of yellowish red contains 16 parts; of 
red, 32 parts; of brownish black, 256 parts. It further indi- 
cates that 1 volume of yellow urine contains as much coloring 
matter as 4 volumes of re<tdish yellow, or 32 volumes of pale 
yellow, etc. If, therefore, one jierson [mss 1000 cubic centimetres 
of yellow urine in twenty-four hours, and another 4000 cubic 
centimetres of pale-yellow urine in the same time, both secrete 
an equal amount of coloring matter. In order to make an nj)- 
proximate comparison liy figures, Vogcl places the quantity of 
coloring matter which 1000 cubic centimetres of pale-yellow 
urine contain = 1, 

Example. — 1800 cubic centimetres of urine of yellow color 
are passed. 1000 cubic centimetres of pale-yellow urine equal 
one part of coloring matter. 

But yellow, according to the table, contains four times as 
much; therefore the following proportions: 1000 : 4 ^^ 1800 :x 
= 7.2 as the amount of coloring matter in 1800 cubic centimetres 
of yellow urine, the coloring matter in 1000 cubic centimetres of 
pale-yellow urine being considered as the unit. 

Halliburton gives the following concise table of color vari- 
ations of the urine, with their causes. (See nest page.) 

Odor. — The odor of normal freshly- voided urine is peculiar, 
— of slightly aromatic nature, — due, it is believed, to pbenylic, 
taurylic, damoluric, and damolic acids in mbiute quantities. 
There is considerable difference in the intensity of the uric odor 
in health, always being most pronounced in concentrated urine. 
If the urine Itecomc alkaline from standing, it acquires a pecu- 
liar, repulsive, putrescent odor, in which ammonium is plainly 
diatinguisbable. The former is due to the decomposition of 
mucus and other organic matters, while the ammonium is in the 
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O0U>B. 


CAVSK or COU>EATION. 


Patboumioal CoNDtnow. 


Nearly colorlefls. 


Dilution, or diminution 
of normal pigments. 


Nervous conditions : 
hydruria, diabetes insipi- 
dus, granular kidney. 


Dark yellow to 
brown-red. 


Increase of normal, or occur- 
rence of pathological, 
pigments. 


Acute febrile diseases. 


«^*ii 


Fat-globules. 


Chyluria. 


Milky. 


Pua-corpuscles. 


Purulent diseases of the 
urinary tract. 


Orange. 


Excreted drugs. 


Santouiu, chrysophanic acid. 


Red or reddish. 


Unchanged haemoglobin. 


Haemorrhages, 
or hflsmoglobinuria. 


Pigments in food (logwood, 
madda, bilberries, fuchsin). 




t 


Ha^matin. 


Small haemorrhages. 


Brown to 


Methaemoglobin. 


Methaemoglobinuria. 


brown-black. 


Melanin. 


Melanotic sarcoma. 




Hydrochlnon and catechol. 


Carbolic-acid poisoning. 


Greenish yellow, 
greenish brown, ap- 
proaching black. 


Bile-pigments. 


Jaundice. 


Dirty green 
or blue. 


A dark-blue scum on sur- 
face, with a blue deposit, 
due to an excess of indigo- 
forming substances. 


Cholera, typhus; seen es- 
pecially when the urine is 
putrefying. 


Brown-yellow to 
red-brown, becom 
ing blood-red upon 
adding alkalies. 


Substances which are in- 
troduced into the system 
with senna, rhubarb, and 
chelldonium. 
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rorm of carbonate, resulting from bauterial d^oom position of a 
part of tbe contained urai,— COXjH, +211,0 = {NH,)2C0j. 

Certaiii substances, when ingested, imparl to tbe urine pecu- 
liar and unnatural odors. Tlius, a characteristic odor is acqnired 
after eating asjKiragns, and an odor not unlike violets is produced 
by the ad mini strati on of turpentine-oil. The odor of cubebs, 
co|)ait)a, sandal wooil-uil, garlic, tolu, etc., are more or less com- 
municated to llie urine when taken internnilj'. These odors may 
be serviceable by indicating that the patient lias taken certain 
medidnes or foods. Beauvis and otbers have claimed tbut tbe 
peculiar udors after asparagus and turpentine-oil do not appear 
in the urine in organic diseases of the kidney. This, if true, 
might be %'aluable for diagnostic purposes, but more extended 
observation has not conHrmed the assertion. 

Pathologically the odor of tbe urine renders some informa- 
tion. Thus, if tbe urine be nmmoniacal when voided, it is strong 
evidence of the existence of cystitis. In suppurating conditions 
of the upper urinary tract the urine is often peculiarly offensive 
(putrid), in consequence of its contained decomposing pns, blood, 
itml organic elements. In diabetes the urine often has the odor 
of acetone. Urine containing cystin possesses an odor, at first, 
like sweet brinr. i>ut subsequently becomes very offensive. 

Transparency. — The normal fVeslily-voided urine may be said 
to be always macroscopically clear; after standing, a mucous 
cloud, more or less pronounced, usually appears, which is un- 
changed by alkalies, beat, or mineral acids. Pathologically tbe 
urine may become cloudy from various causes, as the precipita- 
tion of urates, carbonates, phosphates, or organic products, as 
blood, chyle, excess of mucus, pus, bacteria, etc. If tbe cloudi- 
ness of the urine disappear upon the application of gentle beat, 
it may be concluded that the turbidity was due to tbe presence 
of precipitated urates. If, on the contrary, the turbidity increase 
upon the application of heat, it is duo either to precipitation of 
the earthy phosphates or to albuminous cell-elements, as pus or 
blood. If the phosphates be the cause of the cloudiness, the 
latter rapidly clears up by the addition of an acid. If, on the 
other band, it become more turbid upon the addition of the acid, 
it roay be concluded that pus, blood, or albuminous cell-elements 
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are the csiiae of tlie o|)aeily. If tliu iiritic venmin iiiichiuiged by 
the acetic ncid, or if Ihe turbidity Ue very blightiy increased 
thereby, it may be concluiled that mucus or micro-orgHiiisius are 
the cause of the turbidity. 

Consistence. — Normal urine is always of aqueous couaist- 
encu; lUal i« to say, it drops and flows as docs water. Patlio- 
logicnlly the uriue may become thick and visciil, so that it flows 
from the vessel slowly and with difficulty, not separating into 
drops. Such is usually the case when the urine contains a large 
aiuoiint of mucus or pus, and especially if, iu addition, the urine 
be alkaline. Diaiwtic urine, if heavily laden with sugar, is uf 
diminisheil consistence, as is evidenced by its tendency to froth 
when agitated ; and the same may be said of highly-albuminous 
urine. In chylous urine, owing to the contained molecular fat, 
the fluid often becomes much thickened. In fibrinuriathe urine, I 
after standing, sometimes becomes thickened iutoajelly-like cod- J 
sistcnce, so that it may stick to the vessel when the latter is .( 
inverted. 

SpecIRo Gravity. — The average speciflc gravity of norm^ ' 
urine of 1500 cubic centimetres (50 ounces) in volume for twenty- 
four hours is about 1020. Slight variations ftom this standaril 
are consistent with perfect health, and depend chiefly upon the 
character of the food taken, as well as the quantity thereof, and 
the rapidity of tissue metamorphosis. If the diet consist largely 
of nitrogenous foods, they furnish a higher relative amount of 
solids than fluids to be excreted by the kidneys, and, 
quently, the sjieciflc gravity of the urine will be somewhat in- 
creased. Upon active muscular exertion oxidation and tissue 
waste is hastened, which also tends to raise the' specific gravity 
of the urine through furnishing a relatively large amount of 
solids to be excreted. Copious diaphoresis may bring about a 
concentrated condition of the urine, witb an accompanying in- 
crease of 8i)ccific gra\-ity. The specific graviiy of the urine may 
be lowered by fasting, or by imbibing large quantities of fluids. 
Very marked departures from the normal specific gravity of the 
urine often constitute pathologiwil factors of great importance. 
In nearly all forms of organic albuminuria (Bright's di^eflse) the 
tendency is toward a lowered specific gravity of the urine. 
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Acute dilTtise nephritis ami cyanotic induration of tbe kidney 
are exceptions to the foregoing rule ; in both these exceptions the 
increased specific gi-avitj' is due to miirked diminution of the 
volume, — concentration. A lowered si>ecilic gravity of llie urine, 
ea]>eciiilly if the volume of the urine remain normni, should 
ftlways be regarded as suspicious of renal defect. Au important 
fact to be uoted in this connection Is that, in most cases of so- 
called /iiiiritoiia/ albiiviinuria, the specific gravity of the urine is 
above the normal standard. Prognosticnlly, in cases of nephritis, 
a reduction of the specific gravity of the urine without alteration 
of tile volume thereof should always be regarded as of serious 
iin[Kirt. It usually indicates inability of the kidneys to excrete 
the normni amount of soliila, and 
thus glvctf warning of approaching 
ursmia. If the specific gravity of 
the urine be markedly increased, it 
is strongly indicative of melituria. 
Should it rcAch as high as 1030, or 
above, search should always be made 
for sugar. 

To determine the siiecific gravity 
of the urine with accuracy the Mohr- 
Westpbal balance, or pyknomcter, 
is llie most trustworthy instrument. 
A more simple instrument, better 
suited for general pi-actical use, is 
one oonstructed on the principle of 

■n hydrometer, termed the urinometer. If carefully constructed 
and proi>erly corrected, such an instrument will answer all prac- 
tical purposes. Unfoi-tumitely, however, of all the simple instru- 
ments offered fur sale the urinometer is the most useless in con- 
sequence of its fanlty correction, it being not at aL uncommon 
to find them at fault from 3 or 4 to 10 degrees. The nrinometera 
made by E. R. Squibb are recommended as a notable exception 
to the alxive rule, as they meet alt the requirements of the best 
inatrnmente. These urinometers are standardized at 25° C. 
^■j-jo F,)^ the ordinary temperature of dwelling- rooms, and there- 
fore temperature correctiona are usually unnecessary in taking 
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obacrVHtioiia. The receiving-Jar for the urine is fluted sharply in 
Uitj middle, preventing the instrument from clinging to the sides ; 
and this is still further secured by the BpiHdle-sha|)ed form of the 
ImlboftheinstriiRicnt, so that a single point of contact is obtained 
hotwui-n the instrument and tlie jar. Each instrument is care- 
fully tested, and any variation of the scale from the correct 
itandnrd U marked on tlie cmsc' A thunnomelcr i» fuinisbed, for 
the purpose of temperature corrections, with each instrument. 
In taking the specific gravity of the urine with the nriiiometer 
thu ghwu-cyliuder tube is filled hlwut three-fourths lull of the 
uriuf, and any froth ap|>eanng at the top is removed by Sltering- 
{inpar ur n pi|iutti^ The urinometer is next introduced into the 
urlnu mid touchcil gently with the flnger-tip, ho thnt it sinks and 
rUo* n fow seconds until it finds the correct level. When it 
uuuuin to It rest the scale is read on a level with the eye, and the 
fl||ure on a level with the surface of the urine is marked. 

The temperature of the urine immediately aftei' being voided 
niiKKM fr""" 85° to 95° F. (29.5° to 35" C.) ; theivfore, in taking ' 
lliv NjHK-lUc gravity of frethly-voided urine, before cooling, its 
(<im)><'i'alnrc should be observed, and for every 1 degrees of tein- 
|isniliiru Ihb Ibennometer indicates above that upon which the 
urinometer is standiirdized 1 degree should he added to the 
sgHHlllu gmvity of the urine in addition to that indicated by the 
urliiumi-'ter. This is important in the case of the older urinom- 
otiim, many of which are standardized nt 60^ F. ( )5.H° C), per- 
liillliuK, as will be seen, an error of 4 or 5 degrees with freshly- 
viilili'il urine if the above correction be neglected. 

Chemical Reactioo. — Normal mixed urine — that is to say, t 
whole twenty-four hours' product — is always acid. The acidity , 
|« due to acid sodium phoHphntc, and not, as formerly supposed, 
to free ncid. This sodium phosphate is derived from the Uasio ' 
Midhim phosphate of the blood; the uric, hippuric, sulphuric, 
ami carbonic acids of the urine take up part of the sodium, leaving 
an oold salt. 

The degree of acidity of the urine varies at different times of 
tli« day, especially with regard to food. Soon after a meal the 
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acidity begins to diiuiuish, and in from tbree to four hours tUe 
alkaline tide usually reaches its height ; occasionally, tliough 
rarely, the acidity may become so diminished at such times that 
the urine gives an alkaline reaction with test-paiter. Freshly- 
voided urine may be alkaline either from fixed ulkuli (potassium 
or sodium) or from volatile alkali (ammonium). It is important 
to distinguish between these two conditions, as in ibe first case 
it merely reflects a condition of the blood, while in the second 
case it is nearly always associated with chronic inflammatory 
conditions of the lower urinary tract, notably the bladder. If 
red or violet litmus-paper turn blue in contact with urine just 
voided, and reuiniu blue upon drying, the reaction is due to fixed 
alkali. If, on the other hand, the pa[>er return to the original color 
upon drying, the reaction is due to volatile alkali (ammonium). 

The urine is rendered alkaline by the administration of alka- 
line carbonates or the salts of vegetable acids. The urine may 
lie rendered alkaline, usually to a less extent, by the following 
circumstances: Soon after a full meal; after the discJiarge of 
gastric juice in abnormal ways, — through fistula or by copious 
vomiting ; after hot baths and free perspiration ; uimju a vegetable 
diet. With vegetarians, as with herbivorous animals, the food 
contains an excess of alkaline salts or vegetable acids. These 
acids are converted into carbonates in the blood, which, iiossiug 
into the urine, cause an alkaline reaction. 

The acidity of urine is increased by the ingestion of acids, 
BBCcharin, a purely meat diet, and prolonged muscular exercise. 
It may be developed, as already shown, by acid fermentation, 
and in certain |>atliological conditions ft'ee fatty acids may ap- 
pear and render the urine sharply acid (lipaciduria). 

Occasionally it happens that the urine is amphoteric, — i.e., 
the same urine turns red litmns-papcr bine and bine litmus red. 
This seemingly paradoxical reaction, according to Huppert, 
depends upon the presence of acid and neutral phosphates in 
variable proportions. 

Quantity. — The average quantity of urine of a healthy indi- 
vidual who cats and drinks in moderation, and lives in a tcmper- 
*te atmosphere, is about 1500 cubic centimetres (.'iO ounces) in 
twenty-four hours. The relative quantity varies considerably 
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with the time of day, most being pasaed in the ftflenioon, lean 
ill the morning, and lenet at night. The volume of urine for 
twenty-four hours varies much in conditions of health, according 
to certain circumstances. It is decreased by unusual activity 
of the skin and bowels, as well as by rest and abstaining from 
fluids. It is decidedly increased by imbibing large quantities of 
fluids, the use of diuretic drugs, to a less extent by cold, atmos- 
pheric moisture, exercise, and liberal eating. 

Pathologically the urine is increased in diabetes, cirrhosis of 
the kidney, amyloid or waxy kidney, pure cardiac hypertrophy, 
pyelitis, hysteria, and convulsions. The ciuantity of urine is 
decreased in acute nephritis, cyanotic induration from cardiac 
defect, acute fevers, and inOammations. The urine may be more 
or less completely suppressed in the acute forms of nephritis, in 
the algid stage of cholera and yellow fever, by violent fevers and 
inflammations, by shock or collapse from internal injuries, — as 
rupture of the liver, spleen, bowels, or other viscera, — by the 
reflex shock or the septic congestion of catheterization (urinary 
fever), and by obstructive diseases of the urinary passages, no- 
tably the ureters. Finally, it is important to observe that in 
nephritis more or less complete suppression of the urine, often 
followed by uraemia and death, may result from the administmtion 
of aniesthetics such as chtorororm and ether, notably the latter. 

In estimating the quantity of urine it should be carefidly 
collected for twenty-four hours, in an accurately -cove red vessel, 
in order to exclude dust and prevent evaporation, the patient 
being directed to void and collect the urine previous to each 
movement of the bowels. 

Solids.— In determining the solids of the urine observations 
slioiild bL' made upon a sample of the mixed product of the kid- 
neys for the whole twenty-four hours, The most accurate results 
are obtained by Inking a given quantity of urine,— say, 20 cubic 
centimetres, — in a previously-weighed porcelain dish, and evapo- 
mting it over a watcr-bnth. It should then be dried in a warm 
chamber for an hour or so, and then allowed to cool, when it 
should be weighed. This should be repeated a number of times 
until there is no further loss of weight from drying; then the 
diS'ercnce in weight between the empty dish and that containing 
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the dried solids constituten the weight of the solids in 30 cubic 
ceiitimi:tres of the urine. From this the solids of Lhe whole 
volume of urine may be readily reckoned. 

The foregoing method being somewhat tedious, aud, besides, 
consuming too much time for |iractical work, approximate results 
muy be more readily obtained by multiplying the last two figures 
of the specific gravity of the uriue by the co-efficient of Hiiser, 
which is 2.33. This gives.approsimately, the number of grammes 
of solids in each 1000 cubic centimetres of the urine. 

Example. — If the twenty-four hours' urine be 1500 cubic 
centimetres, and the specific gravity be 1.020 with Uaser's co- 
efficient, then we have as follows : — 
20 X 2.33 = 46.60 grammes in 1000 cubic centimetres of urine ; 
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From these determinaliotis iL will be roiiixl that, by dividing 
the ineikii quantity of solid coiiHtitii<ents roiiiid in 1000 grammes 
of uriiio by the last three decimals of the mean apeclflc gravity, 
we obtain the quotient 0,23295, for which we may conveniently 
substitute the number 0.233, as Miiser suggests. By multiplying 
with this quotient the three last decimals of the specific gravity 
carried out to four [ilaceB of decimals, we oblaiu the figures in 
the third column of the table. The variations from the results 
obtained by actual weighing may be seen by a glance at the 
table. If, however, as is usual, the apeciflc gravity of the uiine 
be determined only to three decimals, the second and third fig- 
ures multiplied by 2.33, as suggested by Ilaser, give approsi- 
umtely the amount of tiolid matters iu 1000 parts of urine. 

A material reduction of the solids of the nrine in cases of 
renal disease indicates a tendency to nra-mia, and therefore puts 
the physician on hie guard against this dangerous complication. 
The diagnosis between diabetes insipidus and hydruria may be 
determined by the amount of solids in the urine. The so-called 
renal inadequacy — an unscientific term introduce<l by Sir An- 
drew Clark, which usually means unrecognised interstitial ne- 
phritis — and the anmotaria of Willis are both indicated by a j 
reduction of the solids of the urine. 

During the course of acute fevers and inflammations the | 
quantity of solids in the urine furnishes very valuable information 
as a guide both for prognosis and treatment. The amount of I 
tissue metamorphosis, as evidenced by the quantity of solids 
in the urine, is n good indication of the severity of the disease 
If these changes bo too active, measures are indicated for re- 
straining them. If exudations are to he removed, a copious ex- 
cretion may indicate to us that the chemico-vital clianges ending 
in elimination are progressing sufficiently without artificial aid. 
Again, by insuOlciency of the urinary solids defective elimination 
may be detected when the thermometer indicates a high ratio of 
tissue metamorphosis in progress, and we are thereby admon- 
ished to employ mcAsures to re-establish elimination. 

No definite deductions are to be drawn, from the quantity of 
solids present, as to the relative amuuut of any special product, 
especially that of urea. Since the amount of urea normally con- 
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Btilutes about one-half of the solids excretetl by the kidiiej-s, it 
has been suggested that an npprosimntc knowledge of the amount 
of uren is to be guiiied by merely dividing the whole <jua.ntity of 
eolids by 2. Such n rule should never be suggested as a guide 
in pathological conditions, because, under euch circumHtances, 
the various solids of the urine are often present in widely dif- 
ferent proportions, as well as quantities. In addition to thi)«, 
the special solid constituents of the urine possess widely different 
specific (rravity, — notably that of ure.i from sodium chloride, 
which is as 2 to 3. For these reasons, even when the total solids 
are determined with accuracy, the amount of ures, nitrogen, or 
other constituent, if sought, can only be determined by special 
quantitative methods, which will be described in the succeeding 
section of this work. 

Ilaving ascertained the actual quantity of solids in the urine, 
in order to make deductions therefrom of any definite value in 
health or disease, careful regard must be had to certain con- 
ditions and features connected with each individual case before 
we can determine the degree in which the quantity of solids is 
excreted above or below the average or normal standard for 
such individual case. Those that chicHy influence the normal 
balance of excretion can be reduced to a ratio that will afford 
approximate results of definite and practical value. The most 
prominent of these conditions arc: the weight of the. individual, 
the age, the diet, and the amount of exercise taken. We may 
place the average weight at 66 kilogrammes (H5 jjounds) avoir- 
dupois, the age being from 20 to 40, the diet tbnt of ordinary 
mixed foods, and the exercise being that of the usual healthy 
man about ordinary labor. To the above standard the following 
general rules may be applied : — 

1. The average excretion of solids per weight of H5 pounds 
being 61. H grammes (1)45 grains), a proportional reduction or 
addition should be allowed, according to the weight of the sub- 
ject examined. 

i. Deduct 10 per cent. A'om the average solids in persons be- 
tween 40 and 50 years of age, 20 per cent, if between f>0 and 60, 
30 per cent, if between 60 and 70, and 60 per cent, above 70, 

3. For Diet, — In persons who have fasted for two or more 
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days, as in some fevers and other diseases, deduct one-third from 
the average solids. If the diet be spare, deduct one-eighth to 
one-sixth ; if rather plentiful, but still below that of health, de- 
duct one-tenth. 

4. For Exercise, — If there be total rest, deduct one-tenth 
from the average solids; but if merely quietude, deduct one- 
twentieth. 

The average standard of excretion of solids by the kidneys 
(61.14 grammes — 945 gmins — for weight of 66 kilogrammes — 
145 pounds avoirdupois) represents the mean of the combined 
observations by Becquerel, Parkes, Bocker, J. Vogel, Lehman, 
Gorup Besanez, Ranke, and Rummel, obtained by evaporating 
the urine and determining the solids by actual weighing. The 
rules for correction are based on the proportions laid down by 
Parkes. 



COMPOSITION OF NOBMAL URINE. 
ORGANIC CONSTITDENTS. 
Ukba— CO(Nng),. 
Ubea, or carbumiil, was flrat preparetl synthetically from 
ammouium cyanate— (NH«)CNO— by Wohler (1828). From 
the urine il wns first prepareil in an impure etnte by Roaelle, 
and aubeequeiUly liy Fourcroy and V«nqiielin. Urea cryBtallizes 
in colorlcHS, qiiudri lateral, or six-sidt^d, eilk-like priems with 
oblique euds, or, wben rapidly crystallized, in delicate white 
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needles, nhich melt at 120° C. (248* P.)- They contain no water 
of crystallization, and are permanent in the air, solnble in cold 
water, the solution being neutral in reaction. With nitric acid 
urea unites to form nitrate of urea (CONjlTtHNOs), which 
crystallizes out in octahedral, lozenge-shaped, or hexagonal 
plates, which are less solnblu in water than are urea crystals. 

Urea owes its origin in the economy partly to retrograde 
tiastte metamorphoiiis, including the blood, and partly to splitting 

(31) 
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u\i of uiiasBimLliitcd nitrogen on 9 principles of the food. Tlius, the 
greater portion of nitrogen taken into the system in the way of 
food in extrretcd by the kidneys in the form of urea. It is there- 
fore the most bulky single constituent uf the urine, ranging in 
quantity, acconling to circumslancea, from 20 to 40 granunea 
(300 to 600 grains) in twenty-four hours in the healthy adult. 

That the liver constitutes the chief seat of urea formation is 
now pretty generally accepted aa fact. This was originally 
claimed to be the ea^^e by Moissner, and more recently confirmed 
by lli'onnrdel, Schroeder, and Minkowski. It is not improbable, 
however, that the spleen and perhapa the lymphatic and secreting 
glands to Bome extent t>articipate in tlie iiren formation. For- 
merly it was erroneously supposed that urea was formed in the 
kidneys; but it is now known that after complete extirpation of 
the kidneys the formation of urea continues as before, and accu- 
mulates in the blood. Likewise, in diseases of the kidney entail- 
ing suppression of the urine, urea continues to be formed and 
accumulates in the organism. The evidence derived from pathol- 
ogy strongly points to the liver as the chief seat of urea forma- 
tion. Thus, in diabetes, we know that metabolism of the hepatic 
cells is greatly increased, causing an abundant formation of sugar 
as well as urea, which pass into the blood and are excreted by the 
kidneys. On the other hand, in degenerative changes in the liver 
the urea formation is markedly diminished. Thus, in acute 
yellow atrophy of the liver the urea in the urine is greatly dimin- 
ished — sometimes absent. The relations of degenerative changes 
in the liver to urea formation have recently been much elucidated 
by Noel Paton,' who points out that two functions of the liver 
exist — bile formation and urea formation — and, moreover, that 
they bear a direct relationship to each other. It has already 
been slated that urea owea its origin in the economy to retrograde 
tissue metamorphosis and nitrogenous principles of the food ; in 
other words, the proteid constituents in the organism. Of the 
intermediate steps in this transformation but little is definitely 
known, although much has been wi-itten on this subject, most of 
wbioh is conjectural. The excretion of urea reaches its maximum 

1 British Hedlcml Jouroil, Tol. II, 1886, p, 807. 
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quantity ui)on aii excIosiTe meat diet; much less is excreted upon 
n tntxed diet, and least of all upon a strictly vegetable diet. 

Variations in the quantity of urea escreted, in i 
constitute nn expression of the changing in nitrogenous tissue 
mf tabolisn], and as such possess definite clinical value. Thus, in 
scute fevers and iuHninmations, until the crisis of the diseue is 
reached there is greatly increased elimination of uren. On the 
other hand, in chronic diseases (cachexias), when tissue meta- 
inor]>hosiB is retarded through malnutrition, the excretion of uvea 
is diminished. 8imi]ar results follow in diseases involving the 
integrity of the liver, — the elaborating source of urea. In 
Bright'e disease urea excretion is diminished in consequence of 
impairment of the stnicture of the kidneys. Prcce<ling, usually 
for some time and during urwrnic attacks, tlic excretion of urea is 
markedly diminished, forming a valuable indication of the ap- 
proach of this dangerous complication. Mental and muscular 
activity hasten urea excretion ijy accelerating tissue waste ; and 
hence uren excretion is more active during waking than during 
sleeping hours. The variations in the amount of exercise, the 
([iiantity and quality of food taken, atmospheric vicissitudes, the 
degree of activity of the other excretory organs, etc., render the 
relative and absolute amount of urea excreted almost as variable 
as the amount of water. If the mode of life bo very regular and 
etiimhlc, the amount remains pretty uniform; but great care is 
necessary to maintain all the physiological conditions even. 
Under the latter circumstances the mean amoniit of urea ex- 
creted in twenty-four hours, by healthy adult males between 
the ages of 20 and 40 years, is 33.18 grammes (512.4 grains). 
Close calculations give the average excretion of urea as .015 to 
,035 gramme per hour for each kilogramme of body-weight. The 
absolute quantity of urea excreted by women is below the average 
of men, The same is true with children ; but, on the other hand, 
the relative quantity excreted by children is much higher than 
by either men or women. 

Urea may be separated from the urine as follows: First 
evaporate, then add strong, pure nitric acid in excess, keeping 
the mixture cool during acidulation. I'our oti' the excess of fluid 
ftom the crystals of urea nitrate formed ; strain through muslin 
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and press bttweeo heavy filter- pa per. Add to the dry product 
barium cnrbouute in excise, nud add sufficient aleoliol to lorm a 
pasty uoiieistence. Dry on a water-bath, aud extract with al- 
cohol ; filter ; evaporate the filtrate on a water-bath, and set aside 
to crystallize. The result is nearly pure urea, plus the coloring 
matters of the urine. The simplest method of decolorizing the 
product is to filter tlirougli animal charcoal, and afterward purify 
liy recrystallization. 

Detection. — t. A very simple method of detecting urea is to 
place a diop or two of the suspected fluid upon a glass slide, and 
after adding a drop of nitric acid gently warm over a spirit-lamp. 
If urea be present, upon evaporation the microsco|>e will show 
the characteristic crystals of nitrate of urea, of rhombic or hex- 
agonal forms, singly or in masses, their acute angles being eighty- 
two degrees, 

2. Add to the suspected Quid three parts of an aqueous solu- 
tion of furfur aldehyde, and subsequently a few drops of strong 
hydrochloric acid, and warm. A series of colors — yellow, green, 
violet, purple, and red — is produced, settling at length into a 
brown, sticky mass if urea be present. 

3. To a few drops of the suspected fluid in a test-tube add 
an equal quantity of solution of hypobromite of sodium, and a 
rapid evolution of bubbles takes place if urea be present. 

4. Warm a few crystals of urea in a test-tube ; add a trace of 
caustic sodium or potassium and a drop of a dilute solution of 
cupric aulpliate. A violet or rose-red color is produced, — the 
biuret reaction. 

Determination of Urea. — The methods devised for the purpose 
of determining the quantity of urea in the urine are very numer- 
ous; most of which, however, are founded upon one of three 
principles: 1. The mercuric nitrate, or Liebig's method. 2. Tlie 
hypobromite, or Knop-Hufner method. 3. The ditferontial den- 
sity method, obtained by measuring the amount of urea by the 
specific gravity of the urine lost through decomposition of the 
contained urea, 

Lielng'g Method, — The combination between urea and mer- 
curic oxide— (CONjH,), Hg (NOjlj + 3 HfjO— forma a white 
precipitate, insoluble in water and weak alkaline solutions. It 
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is, thererore, iiucessary to prepare n standard solution of mercury, 
and to have ao indiciitor by which to detect tbe point wlien all 
the urea haa entered into eombinntion wiiL the mei'ciiry,the latter 
slightly predominating. This indicator is sodium carbonate, 
which gives a yellow color with the excess of mercury, in conse- 
quence of the formation of hydrated meroiiric oxide. 

Theoretically, 100 parts of urea should require T20 parts of 
mercuric oxide; but practically 772 [tarts of the latter are neces- 
sary to remove all the urea, and at the same time to show the 
yellow color with alkali ; therefore, the solution of mercuric 
nitrate must be of empirical strength in order to give accurate 
results. The following solutions are required for testing: — 

1. Standard mercuric nitrate solution. Uissolve "7.2 grammes 
(U58 grains) of red oxide of mercury (weighed after drying over 
a water-bath), or TI.5 grammes (1073 grains) of the metal itself 
in dilute nitric acid. Expel the excess of acid by evaporation to 
a sjTupy consistence. Make up to 1000 cubic centimetres with 
distilled water, adding the water gmdually. This solution is 
of such strength that 19 cubic centimetres will precipitate 10 
cubic centimetres of a 2-pcr-cent. urea solution. Add 52.6 cubic 
centimetres of water to the litre of the mercuric nitrate solution, 
and shake well ; then 20 cubic centimetres (instead of 19) equal 
10 cubic centimetres 2-per-cent. urea solution, — i.e., 1 cnbic centi- 
metre equals 0.01 urea. 

2. Baryta mixture. Prepare by mixing two volumes of 
solution of barium hydrate with one volume of solution of barium 
nitrate, both saturated in tbe cold. 

Analyeis. — Take 40 cubic centimetres of urine, add to this 
20 cubic centimetres baryta mixture and filter off the precipitate 
of baryta salts (phosphates and sulphntcs). Take 15 cubic centi- 
metres of the filtrate (corresjionding to 10 cubic centimetres of 
urine) in a beaker. Discharge into it the mercuric nitrate solu- 
tion from a bnrette, until, on mixing a drop of the mixture with 
a drop of saturated solution of sodium carlHmate on a white tile, 
a i)ale-lemon color appears. Then read the amount used from the 
burette, and calculate thence the percentage of urea. 

Corrections. — This nielhod only approaches accuracy when 
the quantity of urea present is about 2 per cent., — the normal 



percentage of urea in Ibc urine. The chlorine in the 
muat be eBtimated, and tlie quantity of urea indicated reduced 
by Biibtraction of I gramme (15 grains) of urea for every 1.3 
grammes (19 grains) of sodium chloride found. If the urine 
oontftin less than 2 per cent, of urea, 0.1 cubic centimetre of mer- 
curic nitrate solution must be deducted for every 4 cubic centi- 
metres used ; if more than 2 per cent, of uren, a second titration 
must be performed, with the urine diluted with half as much 
water as has been needed of tUe mercurial solution above 20 cubic 
centimetres. Suppose, then, 28 cubic centimetrea have been used 
in the first titration, the excess is 8 cubic centimetres ; therefore, 
4 cubic centimetres of water mnst be added to the urine before 
the second titration is made. When ammonium carbonate is 
l>resent, first estimate the urea in one portion of urine, and the 
ammonium by titration with normal aulphui'ic acid in another ; 
O.on gramme of ammonium equals 0.030 gramme of urea. The 
equivalent of ammonium in terms of urea must be added to the 
urea found in the first portion of the urine. 

Modijicaliona. — Rautenberg' and Pfliiger' have devised the 
following modifications of Liebig's original method, just de- 
scribed : — 

Rauteiiberg^a method consists in maintaining the urea sola- 
tion neutral throughout by successive additions of calcium 
carbonate. 

PJluger'a modification is the one most generally employed, 
which is as follows: A 2-per-cent. solution of urea is prepared; 
10 cubic centimetres of this are placed in a benker, and 20 cubic 
centimetres of the mercuric nitrate solution are run into it in a 
continuous stream ; the mixture is then placed under a burette 
containing normal sodium carbonate, and this is added, with 
constant agitation, until a permanent yellow color appears. The 
volume so used is noted as that necessary to neutralize the acidity 
produced by 20 cubic centimetres of the mercurial solution in 
the presence of urea. A plate of glass is then laid on black 
cloth, and some drops of a thick mixture of sodium bicarbonate 

" Ann. Chein, Pharm., vol. cxxxlll, p. SS, 

> Zell. SDiil. Cliem., vol. xli, p. ST5. ITelffer (Zelt. Biol., vol. zz, p. MO) 

bu (:»rerullf compared the diSerent methodi. 
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{free from carbonate) and water placed upon it at convenient 
distances. Tbe mercurial solution is adde<i to the urine in such 
volume as is judged appropriate, and from time to time a drop 
of the wLite mixture is placed beaide the bicarbonate, so as to 
touch but not miit completely. A point is at last reached when 
the white givos place to jellow ; both drops are then rubbed 
quickly together with a glass rod, and tbe color disappears ; fur- 
ther addition of the mercury is then made to the urine till a 
drop rubbed with the bicarbonate remains permanently yellow. 
Now neutralize by the addition of the normal sodium carbonate 
to near the volume found necessary in the preliminary experi- 
ment. If this be (jnickly done, a few tenths of a cubic centi- 
metre of mercuric nitrate will be found suRlcient to complete 
the reaction. If much time has been lost, however, it may 
occur that, notwithstanding the mixtiin.^ is distinctly acid, it 
gives, even after the addition of sodium carbonate, a permanent 
yellow, although no more mercuric nitrate be added. 7'he 
analysis, under such ci re um stances, must be repeated, taking 
tbe first titration as a guide to the quantities which are neces- 
sary. Pfliiger's correction for concentration of urea is diflerent 
fVom Liebig's, and is as follows : — 

T> = volume of urea solution -f volume of sodium-carbonate 
solution + volume of any other fluid tree firom nrea which 
may be added. 

T'^= volume of mercuric nitrate solution used. 

C = correction=— (V— y») X 0.08, 
This formula holds good for cases in which the total mixture 
is less than three tiroes the volume of mercuric nitrate solution 
used ; with more concentrated solutions the formula gives 
results too high. 

Hypnhrovnle SlfHiod. — This is a far more simple and ready 
method to manipulate. The principle of tbe method introduccl 
Iiy Enop depends upon the fact that, when nrea in solution 
comes in contact with sod inm-bypobro mite solution, nitrogen is 
set free as a result of the total decomposition of the urea. 
Thus: — 

CH.ON, + 3NaBrO = CO, + 2H,0 + SNaBr + 2N. 
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id under 760 millimetres presBure. Knop's hypobromite- 
of-sodium fluid is made as follows : In 250 cubic 
centimetres of di§tilled water 100 grammes of 
caustic sodium nre dissolved, and after cooling 
25 cubic centimetres of bromine are mldcd. 

A number of apparatuses have been devised 
for carrying out this melbod, the best known 
of wbich nre those of Hufuer, Dupr^, and 
Germrd. But altogether the simplest and 
moat rea<Iy method of carrying out the hypo- 
bromite test is by means of tlie instrument 
devised by Doremus, of New York, whieh 
gives very satisfactory npproxiniato results 
for rapid clinical work.' The butli of the 
instrument is filled with the alktiline hypo- 
bromite solution, and by inclining 
the lube the long arm is filled to the 
liend at the bnib,* By means of the 
nipple-pipette, 1 cubic centimetre of 
the urine to be tested is slowly dis- 
charged up the long arm into the 
hypobromite solution. A rapid de- 
composition of urea takes place ; 
the bubbles of nitrogen rise in the 
long arm of the instrument, while 
the displaced liquid flows into the 
bulb, which serves as a reservoir for 
fifteen minutes the decomposition of urea is 
A Amenil, 205 and 311 Third Avcnae, New Ti<rk, supply 
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t the hypobromlle solution do*« nol. kei-p well, 11 Is I 
bmtnlne ind the uuBlii--*u<)liiiii >o1iillaD sep&niu?, as rollowi : Have oti hatiij k 
Bolutlou of HHllum hydroxld, 100 grHoinies lo 2W cubic ceuUmetrei of wali-r 
(S ounces to the pint). In another bottle Bhould be kept the bromine. To pre- 
pare the aolutliin rroliljr for uie, take 10 cubic ecDtlmetrea or tlie todluni- 
hydrolld aolutlon, and iidd thereto 1 cubfc centimetre or lironihie (1 to 10). 
After the bromine hai been thoroughly mixed with the alkali, dilute with an 






of water, and the « 



eadf for testing. 
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complete, and the graduation on the long arm will indicate the 
quantity of urea in the volume of urine tested. Two forros of 
the instrument are furnished, —one graduated to I'etid frttctions 
of a gramme to the cubic centimetre or urine, and the range ia 
from O.OI to 0.03 gramme. If it be de8ire<l to read the per- 
centage of urea instead of the grammes per cubic centimetre, 
simply remove the decimal-point two figures to the right, — thus, 
0.U2 gramme to the cubic centimetre is 2.0 per cent, of urea. 
The other form of the instrument is similar, save that it is 
graduated to show the number of grains of urea per fluidounce 
of urine. 

The normal rinantity of urea in the urine is about i per 
cent., or 0.02 gramme [)er cubic centimt'tre, or 10 gmina per 
ounce. 

The differential danaili/ method, as devised by Di". George B. 
Fowler, of New York, is very simple in application. This 
method is based upon the fact that there is a difference in the 
specific gmvity of urine before and after the decomposition or 
its urea by the hypochlorites. Every degree of density lost 
corresponds to 0.77 per cent., or atx)Ut 3^ grains per onnce. 
The hypochlorite solution employed is Sqnibb's solution of 
chlorinated sodium (Labarraque's solution), of which seven parta 
will destroy the urea in one part of urine, unless the amount is 
very large, in which case the urine should be diluted with an 
equal bulk of water and the result multiplied by 2. The process 
consists in adding to one volume of urine^ — say, one ounce in a 
large hydrometer jar — seven volumes of Labarraque's solution. 
Decomposition immediately ensues, and at the expiration of a 
few hours all the nitrogen of the contained urea has escaped. 
The specific gravity of the quiescent mixture is now noted, and 
also that of the pure urine. We now have the specific gravity 
of the mixture of the urine and Labarraque's solution after 
decomposition. In order to ascertain what it was before decom- 
position, we resort to the law of proportions. Multiply, there- 
fore, the specific gravity of the Laharraque solution by 7, add 
the specific gravity of the urine, and divide the sum by 8. Now, 
from this — the specific gravity of the mixture before decompo- 
sition — subtract that obtained after decomposition. Multiply the 
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difference in degrees by SJ, and the result will be the number of 
grains of urea per ounce of nriiie; or, better, by 0.17, vrbicL 
gives the percentage of uren. The presence of sugnr or albumin 
in the urine does not interfere with this test. 

Ueic Acid (CeH^N^Oj). 

Uric acid, like uren, is a nitrogenous product, although it 
exists in the urine in comparatively smnll amount, — about 0.4 to i 
0.8 gramme being excreted by the kidneys in the healthy man in 
twenty-four hours. Upon decomposition uric acid yields about 
33.3 per cent, of its weight in nitrogen. It is feebly soluble, 
requiring 15,000 parts of cold or 19U0 parts of Iwiling water 
to dissolve it. It is, for the above reason, rarely found in the 
urine iu the free state; more often in the form of crystalline 
deposit, — reddish Band ; most often, however, it exists in combi- 
nation as urates. 

Uric acid is dibasic ; that is to say, it contains two atoms of i 
II which may he substituted by two atoms of a nionnd metal. 
Ui-ates containing but one atom of i>otassium, sodium, or ammo- ■ 
nium are acid urates; those containing two atoms are neutral 
salts. The neutral salts of uric acid are readily soluble in 
water, while the acid salts are but feebly so. The above fact 
explains the reason why neaily all urate deposits consist of acid 
urate salts ; their feeble solubility jiermits them to fall out of 
solution as the urine cools. If the urine remain clear for some 
time after cooling, we may infer that the contained urates are in 
the soluble form of neutral urate,the alkaline base predominating. 
When a strong acid is added to such a urine,— especially if the 
ui-ates be present in excess, — the acid unites with the excessive 
base and forms an acid urate, which, on account of its relatively 
feeble solubilitj', is at once precipitated in finely-granular form, 
producing a whitish opacity. This explains the occasional avtion 
of the nitric-acid test for albumin when the urine is highly 
charged with neutral urates. 

Uric acid crystallizes in the urine in rhombic, rectangular 
prisms, wedge- and whetstone- shape, of yellowish-red color, con- 
stituting, with its salts, the only sediments of the urine thus 
colored. 
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Uric aciJ corresponds with iirea in its protein origin in the 
organism, but the seat of its formntion bns given rise to niudi 
discussion. Two diflerent views are lield upon this subject: 1. 
Tliat. like urea, it is formed in the tissnes, notnbl.v in the spleen 
nnd liver, and merely exereted by the kidneys. This view is 
aiip|K)rted by the foUowing fncts ; (a) In the normal condition 
but n small amount of uric neid is found in tlie btood. (6) In 
gout, where excretion of the uric acid is diminished, it nccnmu- 
Ifttes in the blood and tissues, 
(f) After extirpation of the 
kidneys it continues to be 
formed, (d) The secretion of 
uric ncid is most abundant at 
the jieriod of digestion, when 
the liver and spleen are the 
most active. 2. This view sup- 
poses that the kidneys not only 
constitute the seat of excretion, 
but also that of formation of 
uric acid. Garrod has ably 
supported this view,' basing *'"'■ *'~[Afie,!^K°iil)'*"*'^'' 

liis conclusions, first, on the 

fact of the small amount of uric acid in the blood of birds 
and reptiles, and also that he was unable to And more nric 
acid in the liver and spleen of birds than in those organs 
in mammals. But Schroeder has recently shown (1) that 
the liver of birds contains a high percentage of uric acid; 
(2) tliat after removal of the kidneys uric acid continues to 
be formed, and accumulates in the blood and liver; (3) that 
by passing blood through the liver, immediately after removal 
of that organ from the body, it is found that the uric acid is 
much increased; and (4) he regards ammonia as the most im- 
portant precursor of uric acid, just as in mammals it is the most 
important precursor of uren.' In addition to this, the experi- 
ments of Minkowski are still more conclusive. He succeetlcd in 
keeping geese alive for from six to twenty hours after extirpation 




39 



AHALTSle or I'Rl 



of the liver ; after the operation tbeir urine contninefi but 2 or I 
3 |)er cent, of iiiic rckI, instead of the normal 60 or 70 per cent.; I 
tbe mnraonium wb8 correspondingly increased to 50 or 60 
cent., instead of the normal 9 to 18 per cent. 

All the fnfits at present available render tbe followinjr < 
elusions probable: !. That uric acid is formed chiefly in the ' 
liver. 2. It is formed by the synthesis of ammonium and lactio 
acid, which, after the removal of the liver, appear in the urine 
in equivalent quantities. 3. That the remnant of uric acid in tbe 
urine after extirpation of the liver originates ftom xantkin and 
similar products. 

Tbe quantity of uric acid in the urine should never be pre- 
sumed to lie excessive from the mere fact of deposit of uric-acid 
crystals in tbe urine upon cooling, as in fact such may, and very 
often does, occur when tUe uric acid is both relatively and abso- 
lutely deflcient. The conditions of the urine which tend to pre- 
cipitation of uric acid are as follow; 1. High grade of acidity 
of the urine. 2. Poverty in mineral salts. 3. Low percentage 
of pigmentation. 4. High percentage of uric acid. 5. Long 
standing. Any urine upon standing snfiiciently long will deposit 
uric-acid crystals in consequence of tbe changes culminating in 
ammouiacal decomposition. 

As already stated, tbe quantity of uric acid excreted in twenty- 
four hours by tbe average lie.ilthy man ranges from 0.4 to 0.8 
gramme {7 to 10 grains). The proportion of urea to uric acid 
is stated by Parkes to be about 45 to 1. 

Uric-flcid excretion is increaaed by a rich animal diet, es- 
pecially if combined with limited exercise in the open air; by 
acute febrile conditions ; by lung and heart diseases, attended by 
dyspnten; by diseases which imiiede respiration, as large ab- 
dominal tirmors, ascites, etc. ; by leukfemia ; and by the so- 
called uric-acid cacliexy. Uric acid, on the other hand, is 
diminished in advanced Bright's disease, urina spastica, hy- 
druria, arthritis (especially the gouty form), gout, and, in 
general, wherever urea is diminished in quantity uric acid is 
usunlly also diminished. 

Detection of Uric Acid. — 1. Uric acid, as such, is easily recog- 
nized by the microscope, owing to tbe characteristic rhombic, 
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yellowiah-red crystnls. The microscope also most leadity dia- 
tingiiishes uric acid from its compounds. 

2. The presence of both uric acid and its compounds m&y be 
readily detected by means of the murejride lest. The sediment, 
or residue, after evaporation, is ftret treated with a few drops of 
nitric acid in a porcelain capstde. and, after warming over a spirit- 
lamp until eva|>oratcd almost to dryness, a drop or two of am- 
monium is added, and, if present, a beautiful purple-red color 
immediately appears, gradually diffusing over the bottom of the 
capsule. 

The murexide test depends upon the facta tUat, by the ad- 
dition of nitric acid and heat to uric acid or urates, first alloxan 
and 8ubsec|uently alloxantin are formed, which, on the addition 
of ammouiitm, form murexide, — acid purpumte of ammonium. 

3. If otie or two drops of nitrate-of-sitver solution be dropped 
Upon white Blter-paper, and then touched with an alkaline solu- 
tion of uric acid (sol. with sodium carbonate), a black color ap- 
]>eM's if 0.001 per cent, of uric acid lie present; even 0.0005 per 
cent, of uric acid, if present, will cause a browDiah-yellow or 
grayish stain. 

4. A solution of uric acid or urate, wanned with copper sul- 
phftte and caustic jiotiissiuni, produces a reddish precipitate of 
cupric oxide. 

Determinationof Urio Acid.— An approximate and sulUciently 
xvcurate process for most clinical pur{>uses is Ileintz's method, 
which is also very simple: Take 200 cubic oentimetron of urine, 
and add to it 10 cubic centimetres of hydrochloric acid. Let 
Btand for twenty-four hours in a cool room. Collect the precipi- 
tated uric-acid crystals on a proviouslj'-weighcd filter, and wash 
with cold distilled water. Dry the filter and uric-acid crystals 
in a desiccator, an<l weigh. By subtracting the weight of the 
filter, the result will i>e the weight of the uric acid in 200 cubic 
centimetres of urine. If albumin be present, it should first be 
coagulated by a few drops of acetic acid and heat, and then 
filtered otT. 

Occasionally it happens that urine containing uric acid gives 
no precipitate as above, and a numl>er of other methods have 
been suggested, but as yet we lack a thoroughly trustworthy and 
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ready moth t>d for cliuic-al work. Hayiinft's method hfi8 hereU> J 
fore been inout L-mployod. This is bnaed u))on the fact that uric 1 
Kcid combines with silver as silver urate ; the silver urate is col- J 
lected, dissolved in niti'io acid, aud the silver is estimated vola- 
inetriciUly by Vollard'a method. From the amount of silver 
found the amount of uric acid is culculnted. Czapck found a 
large error in this method, and Salkowski also regards the process 
as misleading, because the com]>ositioi) of the silver urate is not 
uiiiform, and Gossage confirms this statement. The methods of 
Fokker-Salkowski and Camerer have been etiongiy leoommended, 
of late. The following method of Hopkins, which is a modilicn- 
lion of Tokker's method, has recently been recommended as the 
best to date ' : — 

Hopkins's Method. — In thia process the uric acid and all the 
urates are precipitated by saturation with ammonium chloride, 
which converts them all into urates of iimmonium. They are 
then filtered out and the uric acid separated by the action of 
hydrochloric acid. The final estimation is then made by titra- 
tion with a standard solution of potassium permanganate, which 
is found move accurate than weighing. 

The process, as applied to all urines, normal and piiUiologieiil, 
is KB follows : — 

1. hi Normal Urine without Deposit.— (a) To 100 cubic cen- 
timetres of the urine ammonium chloride is added unlil practi- 
cally saturated ; about 50 grnnimcs are necessary. When a small 
quantity of the chloride remains undissolved, even after brisk 
stirring at intervals of a few minutes, saturation is sulllciciit. 
As the temperature of the urine again rises, from the depression 
due to the process of solution, any residual crystals will, for the 
most part, dissolve; but there is no necessity for adding more. 

{b) AHer having stood for two hours,— belter with octmsional 
agitatiou, to promote subsidence, — Ihe pivclpilate produced is 
Altered through a thin filter-paper ami washed three or four 
times with saturated solution of ammonium chloride. The 
filtrate should remain perfectly clear and bright. 

(c) With a jet of hot distilled water the unite, which will be 
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Bomewhat )ngmenteil, is now washed oir the filler iiilo a small 
benker, and hi'iiied jiist to l>oiling wiih an excess of hydrochloric 
acid. It is then allowed to stand lor the uric acid to separate 
out com])letel3'. Two hours is sutHcient, if tlie liquid be cooled. 
The acid is then BItered otf and washed with cold distilled 
water. The filtrate should be meiisured before the washing has 
begun, and 1 milligniminc added to the final result for each 15 
cubic centimetres of liquid present. This need never be more 
than from 20 to 30 cubic centimetres. 

The acid is now ugain wnsheil off the filter with hot water, 
wnrmed, with the addition of sodium carbonate, till dissolved, 
and the solution then made up to 100 cubic centimetres. Being 
transferred to a flask of sufficient capacity, it is mixed with 20 
cubic centimetres of strong, pure sulphuric acid, and immedi- 
ately titrated with one-twentieth normal potassium-perman gaunt e 
solution. The latter should be added slowly toward the end of 
the reaction, the close of which is marked by the first approach 
of pink color, whieb is permanent for an appreciable inter\-ul. 
Previously, the disuppeftraiice of the color will have l>een instan- 
taneous. The llask should be agitnted throughout the operation. 

The standard solution is made by dissolving 1.578 grammes 
of pure |K)tassinm permanganate iu 1 litre of distilled water. 
Of this, 1 cubic ceiitiuietre is equal to 0.00375 gramme of uric 
acid. The addition of !20 per eenU of sulphurie acid to the 
solution produces a temperature suitable to the reaction, and 
no thernxuncter need be used. 

2. in acid urine conlaining cystin the author recommends the 
addition of a few drops of free ammonium, which will ohvinte 
*1I difficulty. 

3. In allcaline urine unlh nbnndam-e of phoitphalex, they 
should lie filtered off after complete i)recipitflliou by beat. The 
ammoniaeal urate conies down more rapidly in alkaline tlian acid 
urine. The only objection to adding ammonium in all cases is 
its tendency to precipitate the phosphates. 

4. AlbwninouD urine does not interfere with accurate deter- 
mination of uric acid by this method, but requires a little longer 
digestion with hydrochloric acid. 

6. With kighli/'iiigmented urine the original urate precipitate 
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is llioroughly digested with alcohol, and after acidificatiou the 
filtrate is gradually heated to boiling, aud theu digested for aome 
time on a wnler-htith. The Hejtarated crystals arc then thoroughly 
washed. 

In all cases exceedingly accurate results are claimed, and 
the process can be carried out with ease and comiwrative rapidity. 



Xanthis (C,n,N,0^). 

This substance contains one atom of oxygen less than nrio 
add, hence its close alliance chemically with the latter. Xanthin 
is present in normal urine, altliough in very small quantity. 
Neubauer found only 1 gramme in 300 litres of normal human 
urine. When deposited in the urine spontaneously, it forms 
brittle scales of yellowish-white color and of somewhat waxy 
cousisteuce. It is insoluble in alcohol and ether, feebly soluble 
in water, and readily soluble in nlkalica, as well as in dilute 
nitric and hydrocliloric acids. Xanthin is a constituent of a 
very rare form of calculus, having thus beeu met with not to 
exceed half a dozen recorded times, and these alwajs in cases of 
youth. As a urinary sediment it has been encountered more 
fVuiiuuntly. 

Although xanthin is widely distributed throughout the 
economy, having been found in most of the viscera as well 
as in the blood, the conditions which give rise to its increased 
and decreased excretion by the kidneys, as well as its occurrence 
as a urinary sediment, are as yet but little known. Durr and 
Strohmyer state that its amount in the urine is increased by 
Bulphur-liaths. 

Detection. — When dissolved in dilute hydrochloric acid, upon 
evaporation xanthin separates into hexagonal crystals. When 
evaporated to dryness with nitric acid, a yellow residue remains, 
which turns red with caustic jiotassium and reddish violet on 
being heated. 



This subf 
potassium permanganate (i 



Allantoin (C^HjN.Oa)- 

is obtainable from uric acid by oxidation v 



e being taken that the temperature 
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does not rise), the potHSsium peimunganate taking up water and 
oxygen, forroing allantoiii and carbonic acid: — 

2CaH«N^0s + 2H,0 + 0, = 2C^U,N^03 + 2C0,. 

Uric m:M. AllontDlu. 

Aliaiitoin crystallizes in colorless prisms, which are soluble 
in hot tratcr, but slightly soluble in cold water, and insoluble in 
Alcohol and ether. It is precipitated from its solutions by luer- 
cnric salts. AUantoiii occurs in mt^rti traces in normal human 
urine, except directly after birth, Itut it is increased by a meat ■ 
diet, and by administration of tannic acid. It was found by 
Wohler in the urine of newborn calves, and since then by numer- 
ous obHervcra in the nrine of newborn infants. Its close chem- 
ical alliance with uric acid la shown by the fact tliat Salkowski 
found allantoin with urea and oxalic acid much Lncrensed in the 
urine of animals (dogs) by the administration of uric acid. 

Detection and Determination. — Allantoin may be separated 
from llie urine liy precipitation with lead acetate, filtering, pass- 
ing anlphurettc<t hydrogen through the filtrate, Bltering again, 
evaporating the final titrate to a synipy consistence, and letting 
it stand for several days. Allantoin then crystallises out. 

Creatinin (C^HjNaO). 

Creatinin and creatin are both constituents of normal urine, 
uid are subject to interchange one into the other, according to 
certAin comlitions. In alkaline urine creatin appears in greater 
quantity, while the reverse is the case with strongly acid urine. 
Physiologically they may be considered as one boily, although 
chemically they ditler in the fact that creatin coiit.iins 11,0 more 
than creatinin, as may be seen by their formulie,>— creatinin, 
C^HiNjO; creatin, C,HbN30,, Since the urine is usually 
Mid, creatmin is generally considcre<.l the normal constituent. 

Creatinin is a decided base — probably the strongest in the 
economy •giving a distinctly alkaline reaction with test paper. 
It crystallizes in large colorless prisms, soluble in water and 
alcohol, but almost insoluble in ether. 

Creatinin is a constant constituent of normal human uri 
beuig excreted in nearly the same amount as uric acid, — 0.05 to 



rf*5-t^^ 



^- '^'^ " 



"/' 



38 ANALYSIS OF UnlNB. 

0.09 gi-amme in tweDty-foiir hours (7 to 10 grniua). It has been 
generally considered that creatinin of the nrine arises rrom the 
Dieatin of the muscles, because when animals are fed on creatin 
the creatiiiin of the urine is increased. But Meissner has shown 
that when creatin is injected into the blood it appears in the urine 
as such unchanged ; anil it would therefore appear that the kid- 
neyw have not the power of converting creatin into cre;itinin ; tlie 
change prolmbly takes place normally in muscles, the creatinin 
entering the blood and Iwitig excreted by the kidneys. Bunge, 
however, points out the fact that the relatively smnll excretion 
of crcatinin cannot account for the large aiuouut of creatin of 
the muscles, — 90 grammes. He therefore considers it more prob- 
able that creatinin is ultimately 
converted into urea, the crea- 
tinin of the urine — or creatin, 
if the urine be alkaline — being 
derived fiom the food. 

Creatinin is excreted in in- 
creased amount upon a meat 
diet, and in diminished quantity 
by fasting. Clinically it is 
excreted in increased quantity 
in acute diseases, — as pneu- 
monia, the efflorescent stages 
of typhoid and intermittent 
fever, and in some cases of 
dial>etes, though not in all. It is diminished in convalescence 
firom acute diseases, in advanced degenei-ation of the kidneys, 
and tetanus. In diseases cli a meter! zed by muscular wasting in 
general, creatinin is usually diminished. 

Deteotion and Determination. — I. When a solution of soilium 
nitro-prusiiiiiLtc is added to a dilute solution of creatinin, and 
subsequently sodium hydruxid is added, a red color appears, 
which changes to yellow upon standing {Weyl's test), 2, A so- 
lution of creatinin, as in the urine, acidulated with nitric acid, 
gives, with phospho-molybdie acid, a yellow crystalline precipi- 
tate, soluble in hot nitric acid. 3. With zinc chloride it gives a 
chai-acteristic crystalline precipitate (groups of line needles) con- 
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siating of a coinbiimtion of eIuc chloride with creatiaiii. This 
test is useil for quantitative estimation of creatinin. 

The five Imdiea jual considered in detail — viz., uiea, uric acid, 
xantbin, allnntoin, and cretiliJiin — constitute the chief constit- 
uents of noriaal urine of the nitrogenous type, or protein deriva^ 
tion. In addition to tliese, howt-ver, thio- (sulpho-) cyanic acid 
is fuuiKl in tlie urine, in very minute quantities, in the tbrm 
of tUiocyaiiites. 

AROMATIC SUBSTANCES OF THE URINB. 

These comprise four cla^ises: (a) Uippuric acid and similar 
aromatic compounds of glycocin. (6) Conilji nations of giyeu- 
ronic ticid with aromatic substances, (o) Aromatic osy-acids. 
(<f) Ethereal snip batiks. 

Hippraio Acid (CgHgNOj). 

Hippuric acid is monobasic and crystallizes cither in tlie form < 
of fine needles or fonr-sidcd prisms and pillars terminated by two- 
or four- sided beveled surfncvs. Tlit typical form is that of a ver- 
tical rhomboid prism. It is colorless, odorless, and of sliglitly 
bitter taste. It requires 600 porta of cold water to dissolve it, 
but it is much more soluble in hot water and readily so in hot 
alcohol and ether. It is soluble in ammonium and alcohol, but 
insoluble in Iiydrochloric acid, flippnric acid is a constant ele- 
ment of noi-mal urine, although present in small amount, — 0.5 to 
1 gramme being excreted by the kidneys in twenty-four hours. 

Hippuric acid is an interesting prmluct in a comparative 
physiological sense, since it forms a connecting link between the 
urine of herbivora, omnivorn, and the carnivora ; being present 
in comparatively targe amount in the former, much less in the 
second, and absent in the last-named order. It is also interesting 
in Itself, as forming one of the best illustrations of synthesis 
occurring in the organism. 

In man the hippurie acid excreted by the kidneys depends 
cbiefiy upon the character and quantity of food eaten, being in- 
creased by a vegetable diet, — especially by certain fruits, as cran- 
berries, prunes, green gages, etc. The administration of bentoio 
BOid, oil of bitter almonds, toluol, cinnamic acid, benzylamin, 
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phenyl propionic and kinic acids also <juiise an increased excrd- I 
tion of hippuric acid. On tbe other hand, an animal diet greatly I 
decreases its excretion, altliough it docs not disap^iear from the I 
urine upon an exclusive meat diet. ClinicAlly we find an in- 
creased excretion of hippuric acid in diiibetes and chorea, as well | 
as in acute rdirile processes. NumcrouH observations go to show I 
that hippuric iicid is formed in the Itidneys ; synthesis, as a rule, 
failed after removal of these organs. , 




FlO. a.— HlPPUElC-AclD CKY8TALS. ( AftW Pl'JBt.) 



Defection snd Determination. — 1. Evaporate the urine with 
nitric acid, and heat the residue in a, dry test-tube. If hippuric 
acid be present an odor like tliat of oil of bitter almonds is 
plainly observable, due to the formation of nitrobeuzol. 2. If 
the urine contain an excess of hippuric acid, it may be deter- 
mined by slightly evaporating and feebly acidulating with hydro- 
chloric acid. Upon standing for a few hours the hippuric acid 
crystallizes out and may Ite recognized by the microscope. The 
hippuric-aoid crystals may be readily segiaiated from uric-acid 
crystals by hot water, if the uric acid -be present in aufllcient 
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quantity to iuterfere with the test. 3. Meissncv's metbod con- 
BistB iu pretiipitHting carefully 1000 to 1200 cubic centinii.'trea of 
urine with strong baryta-water ; the excess of the latter is re- 
moved by a ftw drops of sulphuric acid (of whieli an excess is to 
lie avoi<IedJ and tlien liltered. The filtrate, iiceurntely neutral- 
ized witli hydrochloric acid, is then evaporatetl on a water-bath, 
to the consistency of n thick syrup, anil the neutral residue, 
while still hot, is added to 150 or 200 cubic centimetres of abso- 
lute alcohol in a closed glass vessel. Any sncciiiic-acid suits (ire 
precipitated logetlier with th'e chloride of su«lium, etc., while the 
liippuric-acid suits remain in solution. After repeate<i agitation, 
as soon as the precipitate has settled well the alcoholic solution 
is decanted and the alcohol completely driven otT on the watciv 
bath, the syrupy residue, which on cooling solidilies to a crystal- 
line mass, is put in a closed vessel while it is still hot, acidulated 
with liydroehloric acid, and the hippuric ncid extracted by 
sliaking with not too small amounts of ether (100 or 160 cubic 
centimetres). After the ether is distilled off, the residue ia di- 
luted with water, and heated to boiling with a little milk of lime. 
The hippuric acid separates from the concentratetl tiltrate, after 
the addition of hydrochloric acid, in Iteauliful cryatnlliue ro- 
settes ; they can be obtained entirely free from color by treating 
with pure animal charcoal. 

OomhinaUoTU of Olynn-onk .lirW.— This body Is tlosely nllled to llie carbo- 
bydratea, and Is apt to be mlntnkcli Tor eupur In the mine, Normslly it occur* 
In men IruM in urine. It occur* partly In conibla&tloD witb >r<>iiiatic nib- 

Aromalie OijiaMit.—Ot Utfae by(lrop«rttcumiiHp »rld or otyphanylpropl- 
onlc »cld •nd oiypheiiylnreilp aciO are found in mluule quautttles In the urine, 
fn (wmblnfttlon witli polusiuni. 

Ktiiekeal Sulphates. 
In 1851 Stadeler discovered, on distilling the urine with di- 
lute sulphuric acid, small quantities of phenol or carbolic acid in 
the distillate. nop|)e-Seylei- showed that phenol is not present 
in the nrine in a free state, but as a compound, from which it 
is liberated by sulphuric acid in distillation. In iBtfi liaumann 
discovered that this compound consists of an ethereal compound 
of phenol and sulphuric acid. Baumann also discovere<l the pres- 
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ence of other like ettiereal Biilpbat«§ in tlie urine, consieting of 
coinpouncU of the radicle HSO^, sometimes incorrectly termed 
sulphoiiates. The most imiwrtant of this series are the ethereal 
potassium salpliates of phenol, creoeul, oatecbol or p.vrountechin, 
indole, and skatule. These compounds are present in the urine of 
iierbivora more abundantly thun in carniTom or omnivom ; but 
they are present in the urine of all animals in smaller or larger 
(luantities. They originate in two ways: (a) from aromatio sub- 
stances in food, and (b) in the intestine as the result of putrefac- 
tive changes. In man, whose food contains but little aromatics, 
tlie origin of these othureal sulphates is probably chiefly, if not 
entirety, in the intestiiies, us above indicated; since, if putreiUc- 
tion in the intestines be arrested, these substances diHapi)eftr 
nom the urine. The proportion of the ethereal sulphates to the 
total sulphates of the urine is about 1 to 10. 

Iloppe-Seyler found the ethereal sulphates in the urine in ex- 
cess undt-r the following circumstances: 1. In deficient absorp- 
tion of the normal prwlncts of digestion, such as occurs in peri- 
tonitis and tuberculosis of the intestine, because the [iroducts of 
digestion undergo putrefactive changes, and the putrefactive 
products arc absorbed. 2. Diseases of the stomach, in which 
the food long remains in the stomach and undergoes fermenta- 
tive changes, always result in excess of ethere:il sulphates in the 
urine. 3, Putrefactive processes outside the alimentary canal, 
putrid cystitis, putrid abscesses, putrid peritonitis, etc., have 
the same elfect. The amount of ethereal sulphates is, moreover, 
in nil cases proportional to the severity of the putrefaction, and 
is increased by the retention and diminished by the discharge of 
putrid matter ; as, for instance, in opening an abscess. By these 
and other observations it has been conclusively establishe<) that 
the best guide to the occurrence and amount of putrefaction in 
progress in the economy is the relation of the ethereal sulphates 
to the total sulphates. 

PnENOL-PoTABSIIlM SuLPHATE (CgiljOSOaK). 

The above is the form in which phenol or carbolic acid exists 
in the urine. Phenol (CgHgO) was found to be one of the in- 
testinal products of putre&ction by Banmaun, as already stated. 
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This is absorbed nnd excreted in tbe above foi-m ; some of the 
sulphate comes Troni tyrosine, which passes tlirongh the stages 
of ptirocreosol and paraoxjbenzoiu acid before conversion into 
the phenol salt (Hauniann). 

After the use of carbolic acid, externally or intenially, the 
sinount of phenol sulphate in the urine is increased; two suh- 
stftnces are Ibnned by splitting up of carbolic acid, called pyro- 
catechin and b vitroquinori. These become, in alkaline urine, dark 
brown upon es|wsure to the atmosphere; pro<hiGing the well- 
known color of the urine in " carboluria." 

Detection. — I- Distil the urine acidulated with sulphuric acid. 
Phenol apgwnrs in the distillate ; add bromine-water, a precipitate 
of tribromophenol appears, — deep yellow, 2. Warm the distillate 
with Millon'a rengent and a cherry-red color results. 3. Add 
ferric chloride to tlie distillate and a deep-violet color results. 

Determination, — Approximate resultn may l>e obtained as fol- 
lows : 100 cubic cetUimetres of urine are concentrated over a 
water-liath to 30 cubic centimetres volume. Sulphuric acid is 
added in such quantity as to represent 5 per cent, of the mixture. 
Distil until the distillate is no longer rendered cloudy by addition 
of bromine- water. The distillate is filtered, if necessary, and 
colored a permanent light yellow with bromine- water. The mixt- 
ure is allowed to remain two or three days at a moderate tem- 
perature. A precipitate of tribromophenol (CgHjErjOH) forms 
and is coUectetl on a weighed filter, washed with water, nnd dried 
in an exsiccator over sulphuric acid to constant weight; 100 
parts of tribromophenol correspond to 28.4 parts phenol. 



Inuoxyl-Potasbium Sl'lphate (C^IIuNO-SOsK). 

(INDICAN?) 

Indole (CgHjN), the basiw of the almve substance, is formed 
in the intestines ; induxyl, as a radicle thereof, has the foiinula 
CgHflNO, which, united with SOjK, forms the indoxyl-sulphate 
of potassium of the urine. It occurs in white tablets and plates, 
soluble in water, but sparingly soluble in alcohol. By oxidation 
indigo blue is formed therefrom. I u do xyl -potassium sulphate 
has received the erroneous name of indican, under the mistaken 
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belief that it is identienl with vegetnlile iiicticim. But tbc Intter 
substance is a glucoside, anil only resembles tlie former in the 
feet that one of its decompositional produetB is Indigo blue. 

The blue, green, and some red urines met with in disease 
probably owe their colors to this salt in dilfereut stages of oxi-, 
dation. It is excreted in excess on an exclusive meat diet, 
or the ingestion of itKlolc. Clinically an increased excretion of 
this aultstance by the kidneys is observed in Addison's disease, 
cholera, carcinoma of the liver, chronic phthisis, central and 
periiilienil diseases of the nervous system, typhoid fever, dys- 
entery, and the stage of reaction in cholera. In oltstructive 
diseases of the small intestine ita excretion is enonnously in- 
creased. In general, the appearance of large quantities of this 
substance in the urine implies that abundant albuminous putre- 
faction is progressing in some i)art of the syRtein. Sometimes, 
as urine is undergoing dccomi>osition changes, a bluish-red pel- 
licle, consisting of microscopic crystals of indigo blue and red, is 
seen,— due to decomiKwitiou of the indoxyl -sulphate. 

Detection.— 1. ifcMunn'n method: Equal parts of urine and 
hydrochloric acid with a few drops of nitric acid are boiled 
together, cooled, and agitated with chloroform. The chloroform 
is colored violet, and shows an absorption band, before D, due to 
uidigo bhie, and another after D, due to indigo red. 

2. Jufft'» mvthoil'. Mix 10 cubic centimetres of strong hydro- 
chloric acid with an equal volume of urine in the test-tube, and 
while shaking add drop by drop a perfectly-fresh satui-ated solu- 
tion of chloride of lime, or chlorine -water, until the deepest at- 
tainable blue color is reached. The mixture should next be agi- 
tated with chloroform, which readily takes up the indigo and 
holds it in solution, and the quantity present may be approxi- 
mately estimated according to the depth of the color. 

If the urine contain albumin, it should be removed before 
applying these tests, otherwise the blue color often arittiug from 
the mixture of hydrochloric acid and albumin after standing may 
prove misleading, 

3. Pour 4 cubic centimetres of hydrochloric acid into a smnll 
flask, and while Hlirring add from 10 to 30 droi>s of urine. If 
the projKtrtion of indigo be about normal, the resulting color 
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irill be rather light yellow ; if in excess, tlie autd will turn violet 
or blue, — the more intense will be the color in [iroportion to the 
t^ufintity present. K no uoloration nppear .ttl^r wniting a minute 
or two, there is no excess, however deep a color may subsequently 
appear. 

In nildition to those considered, the nrine contains three 
other etherenl sulphates, — viz., crcosol-potassium sulphate, cate- 
chol-potnssium sulphate, and skatoxyl-potnsaium sulphate. These 
for the most part are present in minute amounts, and possess the 
same significance as those considered. 

URINARY PIGMENTS. 
Normal Urobiun. 

Urobilin is the chief coloring agent of normal nrino, although 
it is not the exclusive one, as shown by spci'troscopic annlysis. 
Normal urobilin is a darii-brown, amorpiious, rather resinous 
substance, sparingly soluble in water, but readily dissolvetl by 
alcohol, ether, ehloroforui, acids, and acidulated water, as well as 
by solutions of sodium, potassium, or ammonium hydroxid. 

The origin of urobilin is still the subject of some difference 
of opinion. Formerly, it was believed that bilirubin, entering 
the intestines with the bile, was acteil upon by nascent hydrogen 
resulting from putrefaction, und as n result it constituted a re- 
duction product, which Maly considered identical with hydro- 
bilirubin. It was also sup|)osed that the pigment of the fieces 
was iiartly absorbed, carried to the kidneys, and thei-e excreted. 
Hydrobilirubin, stercobilin, nn<l urobilin were considered identi- 
fsti, hut spcctrostfopic examinations prove them to be different. 

McMunn regards the formation of urobilin as the result of 
oxidation processes by means of nascent oxygen, either in the 
intestines or elsewhere, rather than due to reduction processes, 
lie bases this view principally on the fact that, by the action of 
hydrogen peroxide on acid hiemutin, ho is able to prepare an 
artificial product, which shows the same spectroscopic appear- 
ances as normal urobilin. The question, then, whether sterco- 
bilin and urobilin are products of reduction or oxidation is still 
nnsettled. It is important to remember, however, tliat urobilin 
may originate cither from bile-pigment or from blood-pigiuent. 
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Certain (acts point to tbe inference that stcrcobilin ami uro- 
bilin originate — at least, to a limited extont — independently. 
Thus : 1. In animals witL biliary Ustiila, wbile no bile enters the 
intestine, yet the urine etill contains urobilin. 2. In Copeman 
find Winston's casu of biliary fistula, in wliioli no bile had entered 
the intestine, the fieccs were uncolorcd by Btereobilin, yet the 
urine still contained urobilin. 3. Some cases recorded by 
Mott would seem to inditrato thnt the fornmtion of urobilin is 
seated in the liver. When destruction of tlie red corpuscivs is 
escesmve in the port.al circulation, the liver contains an cscess 
of iron, and the ferric residue of hwmoglobiu occurs as urobilin 
in the urine ftbnoruiitlly abundant. 

Urobilin exists in normal urine in small amount, the quantity 
being much increased in acute fevers, — four to five or more limes. 
Typhoid and septic fevers, which cause r.ipid destruclion of the 
blood -corpuscles, markedly increase tbe excretion of urobilin. 
On the other hand, there is diminished excretion of urobilia in 
conditions aasociatci) with diminished metamorphosis of red 
blood-corpuscles, as chlorosis and aniemia, in convalescence from 
acute diseases, as well as in hysteria and nervous diseases. It 
is an interesting aud highly -important clinical fact that increased 
excretion of urobilin has been observed in intra^cranial hu?mor- 
rhagcB, hiemorrbagic infarctions, retro-uterine hii-mntocele, and 
extra-uterine pregnancy. 

According to the observations of Ijiwson, the exci-etion of 
urinary pigment is much greater in tropical than in tem[>emte 
climates. Thus, assuming the normal unit to be 4.8 in the aver- 
age adult in temperate climatt-B, he found in the tropics that it 
rose to 12 or 14. In pneumonia it has been observed to rise to 
16 and 20; in acute rheumatism, from 30 to 32 at tiie height of 
the disease; in typhoid fever, from SO to 100; and in a man 
who had inhaled arscnated hydrogen, from 600 to HOO. 

Detection.— Upon rendering the urine alkaline by the addition 
of ammonium, and, after filtering, adding some chloride-of-zinc 
solution to the filtrate, ii beautiful green fluorescence may be ob- 
served by reflected light if urobilin be present. The above 
solution furthermore exhibits, with the spectroscope, a dark 
absorption-band between Fraunhofer's lines b aud F. 
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Ukoebttuayn. 
By some this is considered identical witb skiitolc-pigment. but 
McMuiiD claims for it certain chai*acteristic reactions. It is 
etiitUly tliis pigmchl which colors Llie uratk^s u reddish tint, and 
it may be extracted therefrom by boiling aluohol. This solution 
gives two ilUlefined bands before F in Fraunhorcr'a scale. In 
the solid state it becomes green with sodium or potassium hy- 
droxid. The origin of nroerythryn in the economy, as well aa 
its relationship to urobtlii], have not lieen detenninud. 

tJaoCHBOM. 

This name was first applied by Thndicnm to the body which 
he considered the chief coloring agent in the urine. Urochrom 
is tiiongbt by some to consist of impure urobilin. Certain it is, 
at least, that nrochrom contains much urobilin. Urochrom 
occurs in yellow scales, which partly dissolve in water, less solu- 
ble still in alcohol, but Boluble>in ether and dilntc mineral acids 
and alkalies. The aqueous solution t)ecomes dark on standing, 
finally changing to a red color, becoming turbid, and depositing 
resinous flocculi. Urochrom is precipitated from its aqueous 
solution by nitrate of silver as a gelatinous mass soluble in 
nitric acid ; acetate of lead gives a white floccnicnt precipitate. 
Mercuric nitrate gives a white precipitate, which, on boiling, be- 
comes a pale flefih-coh)r, the sui>ernatant fluid appearing rose- 
red. By oxidation there is first formed from urochrom a red 
sul>staiice, which corresponds to nroerythrin, and lo which the 
red urine of disease often owes its color. 

Otmek Organic Constitcents of Ubine. 
Otalit Arid (CiITjO,). — This substance never occurs in tlic urine in 
n fri'U flinte, hut always in combination with cnk-iiim (oxslate of lime), 
which is belli in solution by tbo ncid sodium phospbale of the urint:. It 
is someliuies abeent from the normal urine, ihougb usually present in 
quantity of about 0.1 gramme Tor twouiy-rour hours. When present in 
eicessive qunnliliea in the urine it is precipitated in the form of oxalaic- 
of-cslcium crystals. These are ilistlngiiiBbed by their forni, — quadratic 
octshedra.witli a short principal axis, — often termed "envelope crystals." 
Occasionally dumb-bell formsarc seen. The orii;in of oxalic acid In the 
organism is nndcienuincd ; but a close rsiatioDship evidently exists be- 
tween it and uric acid. 
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Sueeinie Aeid (C,H,Oi) is the third of the series ot acids or w 
oxalic nciU is the primary. Succinic acid lias occasionallj heen met with 
in the urine, especially after llie ingestion of aspumgua and usparagiu. 

Laelie Acid (C',H,0,) — U is doubtful if lactic acid be present in 
normal urine, but it has been found combined with bases after pbysio. 
logical disturbances and severe muscular labor. In such cnsea it oc- 
curs us sarcolaclic ncid. It lias been found in trichinosis, acute yellow 
atrophy of the liver, cirrhosis of the liver, diabetes, phoapliorus poison- 
ing, rickets, leucocythccmla, osteomalachia, and in animals after extir- 
palioQ of the liver. 

FitU]/ Acids. — These are present in normal urine, though in mere 
traces, — 0.008 gnvninin per day. They couBisl of formic, acetic, butyric, 
and propionic acids. The excretion of fatty acids by the kidneys is in- 
creased during the process of ammoniacal fermentation. Certain febrile 
diseases cause an increase of these bodies in theurine to 0.0(1 gmmiuc, and 
ill certain diseases of llie liver the increase reaches from O.G to 1 gruiume 
per day. These acids apparently exist in the urine hi a free stale. 

QlyetTO-phorphorie Acid (C,II,PO,) occurs In falnl traces in normal 
urine, about 15 milligrammes per litre. It is said to be Increased in 
oi'ders and after chlorofoAi narcoais. 

—Much dlBcusaiou hna taken place over the ques- 
tion as to whether grape-sugar is a constituent of normal urine. One 
difficulty in determining this point ta llie fact that the urlno couljiins a 
number of sulislances which reduce alkaline solutions of cupric hydrate, 
the cliiefof these being uric acid. Uippuric acid, pyroeatcchin, glycurouio 
acid, and ci'ealinin. Abelcs showed, however, that none of these sub- 
stances undergo alcohulii.' fermeutnllon with yeast, while this does occur 
with the reducing substance of normal urine. Wcdenski, by shaking a 
large quuiiiity of normal urine with benzoic chloride, obtained insoluble 
benzoyl compounds of carbohydrates, which give all the reactions of 
gra|>e-sugar. It may therefore be considered as conclusive, as Brucke 
flrst affiruieil, tliut minute quantities of sugar eklst in normal urine. 

Animal Oum. — This consliluteB a product of mucin, and was first 
found in the urine by Lnndwhcr ; also in saliva, the synovia. In colloid 
cyais, in chondrin, and in connective tissue. It forms an opalescent 
solution With water ; gives a sticky precipitate with copper sulphate, and 
also with ferric chloride. It Is precipitated by alcohol, and does uot re- 
duce alkaline snluiions of cupric salts. It yields oxalic acid upon treat- 
ment with nitric acid, and Iwvulic acid after treatment with hydrochloric 
acid, as dues vegetable gum. 

MUktugar occurs in variable quantities in the urine of nursing 
mothers and Icalons of the mammary glauda. Uofmeister precipitated 
urine with lead acetate and ammonium, Altered, shook the filtrate with 
silver oxide, filtered, decomposed the Altvulu with sulphuretted Lydrogeo 
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lo get rid oflbe silver, flltereil : lo the Baal flitrale barium carbonate was 
added, and tbc mixture evaporated to dryness. Alcohol rouoved milk- 
BUgar from the reaidue, and characleriatic crystnla thereof were obtained 
by uvnporating off the alcohol. Kultenbnch proved thai IhtB was milk- 
sugar by further obtutniug tbercfrom gnlactuse and niucic acid. 

Ittotitt — This siibslance hns buen found lu normal urine in small 
quanticiesby niinicrousobeervers. Ad iticn-Haed excretion basbeeu noted 
In Brigiil's disciise and in diabetes. It may be detected as follows: 
Beveral litres of urine, feebly acidifltd, are conipiotely precipitated with 
acetate of lead and filtered. Tbe filtrate is warmed and precipitated 
with basic lead auclatc. After standing furiy-ei)rhl hiiui-s the precipitate 
is collected, washed, suspended in water, and treated with a alream of 
sulphuretted hydrogen ; the lend sulphide is filtered ofl"; uric acid sepa- 
rates from tbe Bllmte after a few hours ; this Is also filtered off. The 
solution is Ihen evnpunited to a syrupy coDsiatence on a watur-bath, and 
absolute alcohol added. The precipitate la dissolved in hot water, and 
three or four times the volume of 00-per-cent. alcohol added. Ether Ja 
cautiously added till a pennnncnt cloud appears ; the inosite crystallizea 
out, and may be collected. It will then give its characteristic tests, as 
follows : t. With a few dntps of nitric acid on n platinum dish, treated 
with amranniuiu and calcium clitoride, after evaporating lo dryness a 
bright red or violet color appears. 2. Add a little mercuric nitrate to a 
solution of inoaite. on a porcelain capsule, a yellow precipilale results 
On gently heating, ibis becomes red ; on cooling, tbe color vanishes. 
Proteids, tyrosin, and sugar must be absent. 

PermK-STS. — Prprin has been isolated from normal urine by Brucke, 
Bahli. and others. Tbe morning urine is richest in pepsin. The pepsin 
of tiriDC forms peptone and all intermediate proteoses from fibrin, the 
■ame as does pepsin. Detection ,' Bmall pieces of fibrin are first soaked 
in urine until peiisin is absorI>ed therefrom. If then removed to 1 per 
cent, hydrochloric-acid solution they are rapidly dlgeaieil. Control ex- 
perimenls, with fibrin not soaked in urine, give negative results. 

XHaitnti. — Ilolvotschiner hits obtained minute quantities of ptyaiin 
or a similar diaslatic ferment from urine. 

Btnnet. — Ileiwea and Ilolvotschiner have both obtained from urine 
traces of a ferment which cui-dies milk. 

Trsptin, — This ferment is doubtless absent fh>m normal urine. 
SMhIi alone, of all investigators, claims to have found it ; but his resulta 
are considered as due lo n on -putrefaction in his experiments. 

Mucin.— Tliis is the chief cunslitucnt of the nmcu.i of normnl urine, 
derived from the muciparous glands of the urinary passages, but not 
from the kiducys. In normal urine, mucin occurs in small amount; 
but In catarrhal diseases of the urinary tract it is increased, often 
in abundance. In appearance it is viscid, slimy, and tenacious. 
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Detection: 1, Mucin ie precipilaled from ita solutions by vegetable 
acids, the precijiiMte being inaotuble in excuse of tha acid. 2, Add to 
ODe TotiiiuB lit urine tliree volumes of sliiing alculiol and let stand for 
severnl hniirs. Filter and wasli ilie precijiilale wilb alcoliol, and treat 
with warm water. Tlie liltnite cuniaining the mat'io is then acidified 
witb acetic acid, anil if turbidity results it is due to mncin. 

INORGANIC CONSTITUENTS, 

The iiiorgniiic constituents of the urine comprise chiefly the 
chlorides, carbonntes, sulphates, anil pbosiihntes. These occur in 
combination witb |)otassiiun,nmnioiiiutn, calcium, and magnesium. 
Small quantities of fluorine, silic acid, and iron are also present; 
and free gases, including carbonic acid, nitrogen, anil traces of 
oxygen. The total amount of these salts in the urine varies 
from 9 to 25 gratnmes per dny. They are derived from (a) the 
food ingested and {b) from the metabolic processes or tissue- 
changes ; the latter more especially with regard to the sulphates 
and phosphates. The salts of the blood and those of the mine 
are very similar, save that tbo blood contains hut traces of sul- 
phates, while the urine is rich in these salts. 

The sulphates are derived chiefly from the changes occurring 
in the proteida of the body; the nitrogenous elements of the 
proteids being excreted aa uric acid and urea, while the sulphur 
tiecomes oxidized, forming nulpliuric acid, ^rhicb appears in tbe 
urine mostly in combination with metallic bases, but also, to 
some extent, in ethereal combinations witb organic radicles, 
making up tbe ethereal sulphates just considered. 

Cnij^RiDEa 
The chlorides of the urine consist chiefly of chloride of sodium 
with a small amount of chloride of potassium and ammonium. 
The amount of chlorides excreted Ity the kidneys in tbe henltby 
adult averages from about 10 to 16 grammes in twenty-four 
hours, — 6 to 10 grammes of chlorine. The chlorides, therefore, 
next to urea, constitute the principal solid constituent of tbe 
urine. Chlorine is very widely distributed throughout the 
organism, nearly always in combination with sodium, jiotassium, 
ammonium, and magnesium. As chloride of sodium it is ex- 
creted witb the perspiration, saliva, bile, fieoes, and urine. 



NOUMAI, CONSTITUENTS OF UKINE. 51 

In health tbe excretion of the chlorides by the kidneys varies 
in amount according to the quality and quantity of food ingest«d. 
Thus, iiiiou A liberal salt diet they are largely increased; tbe 
output representing very closely the amount oF chloride of 
sodium taken in. With active exercise there is also increased 
excretion of ehloridea hy the kidneys, while, on the other band, 
during reiwse of the body they are diminisbed. 

Clinicalbj the excretion of chlorides with the urine is dimin- 
ished in nil acute febrile condittouiit, and especially when attended 
by serous exudations. As a general rule, in such cases there is 
a steady decrease until tbe crisis of the disease ia reached, after 
which they gradually iucR-ase. A continued increase of chlorides 
in the urine in febrile states may, therefore, be accepted as an 
evidence of improvement. In pneumonia the chlorides may dis- 
appear from the urine, and tbeir absence, under such circura- 
Btances, always indicates a serious condition of tbe patient. In 
cbronic conditions associated with impaired digestion and 
dropsy tbe chlorides are diminisbed. In tbe latter case much 
I of the chlorides become stored up in the dropsical fluid in the 
8 cavities and cellular tissues. The chloiidcs are excreted 
' by the kidneys in excess in dialR'tes insipidus and in the declin- 
' ing stages of dropsy after the establishment of diuresis. 

Detection. — 1. The urine is treated with nitric acid and a 
solution of nitrate of silver added. A caseous precipitate soluble 
in ammonium, insoluble in nitric acid, shows tbe presence of 
chlorides. 

2. The above test may be made available for approximative 

estimation as follows : A standard solution of nitrate of silver, 

1 to 8 (1 drncbm to the ounce), is first prepared. Tnko a glass 

linlf fiill of urine, and add a few drops of nitric acid ; then add 

one or two drops of the standard solution of silver nitrate, 

1 and note the changes. If a white, flaky precipitate occur, 

quickly sinking to the bottom of tbe glass without diffusing 

through the urine, tbe cliloridcs are undiminished. If a simple 

cloudiness appear, readily diffusing throughout tbe urine without 

the appearance of cunly flakes, the chlorides are diminished to 

I 0.1 per cent., the normal being 0.5 to 1 per cent. Shonld no pre- 

i <^[nt&te whatever occur, the chlorides are absent. This method. 
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pruiiiK-ii^il l»y UlUiimriii, is not satisRictory, ami the aiitlior pre- 
fers hif centrifugal method. (See " Centrifugal Analysis.") 

DeterminBtioii. — Sluhr^s Method ; Prepare the following aolu- 
tiuns: 1. Standard uitrute-of-ailver solution: Diaaolve 29.0T5 
grammes of fiise<l nitmte of silver in lOUO cubic ceDtimetres 
(1 litre) of distUlcd vrater; 1 cubic centimetre of this solution is 
equal to 0.01 gramme of sodium chloride. 2. A saturated aque- 
ous solution of neutral |K>tassium chromate. 

Procesn. — Take 10 cubic centimetres of urine ; dilute with 100 
cubic centimetres of distilled water ; add to tbis a few drops of 
tlio potnssiuui-chromate solution. Drop into this mixture from 
a burette the staudard nitrate-of.«iIver solution ; the chlorine 
combines with the silver to form silver chloride iu the form of 
white precipitate. When all the chlorides are thus precipitated, 
silver dironiate (red) appears, though not while any chloride 
remains in solution. Tlic silver nitrate must, therefore, be added 
until a pink tinge appears. Read olf the quantity of standard 
solution of silver used, and calculate therefrom the quantity of 
chlorides in the 10 cubic centimetres of urine tested, and from 
this the percentage. 

Correcliona. — 1. A high-t^olored urine may cause diftlculty in 
determiuiug the appearance of the pink tinge. Tbis may be ob- 
viated by diluting the urine to a normal (-olor. 3. One cubic 
centimetre should be subtracted from the totsil nunilier of cubic 
centimetres of the silvor-nitrate solution employed, as the urine 
contains small qunutitics of certain compounds more easily pre- 
cipitable than the cUromate. 3. To obviate such errors the fol- 
toning modilicalion of the test as advised by Sutton is employed : 
Ten cubic centimeti'cs of urine are measured into a tliin porcelain 
dish and 1 gramme of pure ammonium nitrate added ; the whole 
is then evaporated to dryness, and gradually heated over a small 
spirit-lamp to low redness till all vapors are dissipated and the 
residue becomes white. It is then dissolved in a small quantity 
of water, and the carlionates produced by combustion of the or- 
ganic matter neutralised by dilute acetic acid ; a few grains of 
pure carbonate of lime are added to remove all free acid, and 
one or two drops ot potassium chromate. The mixture is then 
titrated with deci-uormal silver solution (16.966 grammes silver 
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nitrate per litre) until Ibo pink color appears. Each cubic centi- 
metre o1' silver solution repreeeiits 0.005S37 gramme of suit ; con- 
BCqucutiy, if 12.5 cubic centimetres Lave been used, the weight 
of salt in 10 cubic centimetres of urine ia 0.07296 gramme, or 
0.7296 per cent. 1/ 6.9 cubic centimetres of urine arc tnkeu for 
titration, tlie number of culjic centimetres of silver solution 
used will represent the number of parts of salt per 1000 parts 
of urine. 

Liebig's method consists in estimating the chlorine with mer- 
curic nitrate, but it sometimes fails unless very accurately 
manipulated, and, moreover, it often gives erroneous results, and 
therefore it is ordy referred to here. 

Folhard and b'alch Method. — This method depends upon the 
action of soluble sulphocyanides with solutions of silver and 
ferric salts. Soluble sutphocyanides produce in silver solutions 
a white precipitate similar to silver chloride, which is insoluble 
in dilute nitric acid. A like precipitate of sulphocyanide of sil- 
ver with a solution of nitrate of silver is given by the blood-red 
solntion of sulphocyanidc of iron, and the color of the latter at 
last comiiletely disapiMwirs. If, therefore, a solution of snlpho- 
cyanide of potassium be added to an acid solution of nitrate of 
silver, to which a little ferric sulphate has been added, every drop 
of the sulphocyanide solution at first produces a iilood-red cloud, 
which, however, quickly disappears again on stirring, while the 
fluid becomes milk-white. It is not until all the silver is pre- 
cipitated that the red color of the snlphooyanide of iron remains 
permanent, and the end of tlie process is reached. The reaction 
is one of great delicacy ; so that it is equally sensitive as Mohr's 
reaction, while it has the nd\'nntage over the latter that titration 
oan be conducted in acid urine. 

Solulions Jiequired. — I. Standard nilver tohilion is made by 
dissolving 29,075 grammes of pure silver nitrate in wati-r and 
diluting to 1 litre. Each cubic centimetre corresponds to ID 
milligrammes of chloride of sodium or G.OBS milligrammes of 
chlorine. 

8. Solution of Ferric Oxide. — A cold saturated solution of 
cryatalliKed ferric alum, free from chlorine, or a solution of ferric 
anlpbate, which contains 60 grammes of iron oxide to the litre. 
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3. Slatidard Siil/iliucyanide-of-Pulitaxiuiii Sotitlion. — Since 
Bulphocyauide oC iwlnssium cannot be rt^adily weighed witb ac- 
curacy, to grnmaics are dissolved in a litre of water, and tbU 
solution is Btandnrdized l>y silver solution. Thus 10 cubic cen- 
timetres of tbe ailver solution are tncaaured otr, 5 cubic ceoti- 
metres of the iron solution arc added, and then pure nitric acid 
is added drop by drop until the mixture is colorless. If tbe 
&n]|)hocynnide-or-potas3ium solution be then allowed to flow into 
it from a burette, each drop at first gives a blood-red color, 
which at once disappears on etiriing. When all of tbe silver is 
precipitated as sulphocj'nnide of silver, the nest drop of the 
sulphocyanide-of-jKitaBsiuni solution gives a permanent red color 
to tbe fluid, indicating tbe end of tbe reaction. If, for example, 
to 10 cubic centimetres of the silver solution 9.1) cubic centi- 
metres of the su1pbocyanide-of-[JOtassinm solution have been used 
before the red color is ]}ermaneut, 960 cubic centimetres are 
measured olf, and this is diluted with 40 cubic centimetres of 
water to make a litre. Both solutions must now be equivalent, 
which is to be determined by titration. 

Analyain. — Five or 10 cubic centimetres of the urine, after tbe 
addition of I or 2 grammes of nitrate of potassium free from 
chlorine, are evaporated to dryness on a watei'-bath. The resi- 
due is then heated over a free flame, at first gently, afterward 
strongly, and a white, fused residue remains. Since the nitrous 
acid formed in this process prevents tbe end reaction, tbe fused 
saline mass is dissolved in water, acidulated with nitric acid, and 
then tbe chlorine is precipitated witb an excess of the standard 
silver solution. After this mixture has been warmed on a water- 
bfttb for a time to completely remove the nitrous acid, it is 
allowed to cool; 5 cubic centimetres of the iron solution are 
added, and then tbe sulpbocyanide-of-putassium solution, equiva- 
lent in strength to the silver solution, is added while constantly 
stirring until the excess of the silver added is precipitated, which 
is known by tbe permanent red color of the mixture. The dif- 
ference, then, between the number of cul)ic centimetres of tbe 
silver and sulphocyanido solutions corresponds to the cbloriue 
contained in the urine. If, for instance, at first 12 cubic centi- 
metres of tbe silver solution were added to to cubic centimetres 
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of urine, and i cubic centimetres of the sulpliocyanide solution 
were requireti to titrate buck the oscees, the Amount of chlorine 
in the urine corresponded to 12 — ^4^8 cubic centimetres of 
the silver 8oUiioD = 8.0 gramtiies of sodium chloride or 4.863 
grammes of chlorine in the litre of urine. 

Phosphates. 
The quantity of phosphoric acid excreted by the kidneys in 
the healthy adult ranges from 2.3 lo 3.5 grammes in twenty-four 
hours, the average being about 2,8 grammes. Ordinary phos- 
phoric acid (H.,I*Of) is tribusic, containing 3 atoms of hydrogen, 
which may l>e replaced by a metal. In the urine phosphoric acid 
occurs in combination, in part with the alkaline earths — earthy 
phosphates, and in part with the alkalies — alkaline phoaphatex. 
The earthy phosphates are insolnble in water, but solulite in 
acids, and consist of phosphates of calcium and magnesium. 
Tlie calcium phosphates are nioat iibundant ; those of potassium 
scanty. They exist in the urine in quantity of about 1 to 1.5 
grammes in twenty-four hours' excretion, — the relative proportion 
being calcium phosphate al>out 33, and magnesium phosphate 
about 67. In acid urine the earthy phosphates are in solution, 
while in alkaline urine they are precipitated and form a sedi- 
ment more marked if heat be applied. If, therefore, an alkaline 
urine is heated in a test-tube, a precipitate forms, which may be 
mistaken for albumin. It may, however, be distinguished fVom 
the albuminous reaction by slight acidification, which readily 
dissolves the earthy phosphates. This is a frequent source of 
error in testing for albumin in the urine by means of heat. If 
the acid magnesium phosphate be acted upon by ammonium the 
ammonio-magnesiiim phosphate is formed, — triple phosphate. 
This appears in the urine as fern-leaf or snow-flake crystals, or, 
alter long standing, in the form of prismatic or " coflln-lid " 
shaped crystals. If urine decomi>ose in the bladder through 
retention and consequent fermentative changes, ammonium is 
liberated from the urea, and the free ammonium unites with the 
acid magnesium phosphates to form the triple phosphatic crys- 
tals BO characteristic of chronic cystitis. 

The alkaline pkogphatea of the urine consist of the acid 
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])Los|>bnte nf sodium and llie phosphnte of ]K>tassiiin), that of 
sodiiiiu btiing most abuudant aud the potassium pliosphatfl 
Bcaiity. These (unlike the eartliy phosphates) are readily 
solulile in vater and alkaline Huids. The alkaline phoaphatea 
form the chitf bnlk of the phosphates of the urine, ranging from 
2.0 to 4.0 grammes in twenty-four hours, As already noted, the 
Acidity of normal urine de)}cnds upon its contained acid sodium 
phosphate, and not upon the pre-itme of a free acid. 

In the hlood the alkaline phosphates exist as iieiiti-al sodium 
and potassium phofiphates ; but, as Ralfe has shown,' these are 
changed into acid salts through a decomposition ejected by the 
act of secretion, in which tlie bicarhonates and neutral phos- 
phates in the blood are change<1 into carbonates and acid phos- 
phates, respectively. The acid salts, in obedience to the law of 
diffusion, pass out in the urine, whilst the cnrbouates remain in 
the circulation. The excretion of the alkaline phosphates by the 
kidneys varies in health according to the quality of food ingested, 
being in excess upon an animal diet. 

The phosphoric acid of the urine is derived in part from the 
food and in part from the decomposition of lecithin and nuclein. 
The excretion of phosphoric acid by the kidneys varies with the 
amount of food taken ; after the midday meal, especially if much 
meat be eaten, it rises, and reaches its maximum in the evening; 
it falls during the niglit, reaching its minimum about midday. 

Clinically, the excretion of phosphoric acid by the kidneys 
is diminished in gout, in most acute diseases, in kidney lesions, 
in the intervals of intermittent fever, and during pregnancy. 
The author regards the diminution of phosphoric-aciil excretion 
by the kidneys almost na constant a feature of the urine in 
Uright's disease and allieil lesions of the kidneys as the presence 
in the urine of albumin. 

An increased excretion of earthy phosphates accompanies 
diffuse diseases of the bones, — osteomalacia, rickets, etc.; also in 
diffuse periostitis and diseases of the nerve-centres. 

A condition of so-called phonplintic diabeCea has been de- 
scribed by Tessier and confirmed by Kalfe and others, in which 
there is a continued excessive excretion of phosphates by the 
~~ 'Lmcet, July, 1874. 
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kidney B, attended Uy symptoms somewhat like diabeteB, — loss of 
flesh; aching pains in the lower back and pelvic region; dry, 
hmsh ekin ; tetidency to boils, with morbid Appetite, etc. 

Detection. — 1. The earthy phosjikales may be detected by ren- 
dering the urine strongly alkaline with sodiitm, potasBium, or 
ammouiiirti, and geutly heating, which cause their precipitation 
in the form of a whitish cloud, that shortly after settles to the 
bottom of the test-glass. The precipitate is dissolved upon the 
addition of acetic acid. 

2. Ultzmann suggeatB an approximative method with this test, 
as follows: A test-tube 2 centimetres (11.787 inch) wide is filled 
with the urine to the depth of 5.33 centimetres (2.997 inches), to 
which is added a few drops of caustic ammoninm or potassium 
solution, and warmed over a Rpirit-lnmp until the earthy phoa- 
phates separate. After standing flrtccn minutes the depth of 
the sediment is measureil. If the layer be 1 centimetre (0.393T 
inch) high, the earthy phosphates are present in normal amount ; 
if 2 or 3 centimetres in depth they are increased; but if the 
eedimont be only ii line or so in depth, they are diminished. 

The Alkaline Phnnphatea. — I. First remove the earthy phos- 
phates by precipitation with potassium or ammonium and filter 
them off. Next add to the nrine one-third of its volume of 
magnesium fluid.' The alkaline phosphates are all precipitated 
in the form of a snowy deposit. 

3. The above test may be made ufclnl for approximative 
estimation, as Ultzmann suggests, in the I'ollowing manner: To 
10 cubic centimetres of the urine add a third part (saj', 3 cubic 
centimetres) of magnesium mixture. There is formed a precipi- 
tate of crystalline ammonium-magnesium phosphate, with which 
comes down an amorphous mass of calcium phoBphates. If 
there ensue through the entire fluid a milky turbidity, the alka- 
line phosphates are in normal amount; if wc have a copious 
precipitate, which gives the fluid the ap|>earanco of cream, 
then there is great increase; if the fluid remain transparent, or 
only slight turbidity ensue, we have a decrease of the alkaline 
[)hosphates. 
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Determination of Total Phosphoric Aoid. — The following solu- 
tions aie uectssary ; — 

1. A Btaiidard solution of ur&muin nitrate is prejiareil, oon- 
sisting of 20.3 grammes pure uranic oxide in 1000 cubic centi- 
metres of distilled water; 1 cuhic centimetre correspondB to 5 
milligrammes of phosphoric acid. 

2. Sodium-acetate solution: 100 grammes of sodium acetate 
are dissolved in 900 cubic centimetres of distilled water, and to 
this 100 cubic centimetres of acetic acid are adde<l. 

3. Saturated solution of potassium fcrrocyanidu. 
Anali/nis. — Fifty cubic centimetres of the urine are poured 

into a beaker, and 5 cubic centimetres of sodium-acetate solu- 
tion are added. The mixture is warmed over a water-bath and 
the uranium solution added, drop by drop, as long us a precipi- 
tate falls. If this Im? not easily recognized, the mixture should 
be stirred, a drop placed upon » porcelain plate, and a drop of 
potassium feirooyanide added. If a reddish-brown color do not 
appear at the line of contact, the addition of nraninm solution 
should be continued, the beaker-glass being again wanueil. The 
limit of reaction occurs when all the iiliosplioric acid has been 
precipitated by the uranium solution. After this is reached, the 
next drop of uranium solution, Bnding no phosphoric acid, 
forms a rcddtsh-brown precipitate with potassiuin-ferrocyanide 
solution. The quantity of uranium solution used is next read 
off, each cubic centimetre being equal to 6 milligrammes phos- 
phoric acid, from which can be readily calculated the percentage 
amount in the urine. 

Estimation of Phosphoric Acid Combined with Lime and 
Maynesium. — To determine the pliosphoric acid in combination 
with the earths, 200 cubic centimetres of urine are precipitated 
with ammonium, collected after twelve hours on a filter, and 
washed with ammonium-water(l to3). The filter is then pierced 
at the point, and the precipitate washed down with a stream of 
water into a beaker, and dissolved while warm with as little 
acetic acid as possible. Add S cubic centimetres of Bo<linm- 
acetate solution, dilute to 50 cubic centimetres, and proceed as in 
preceding analysis. The Uilferenoe between the total amount of 
phosphoric acid and that in combin&tion with the alkaline earths 
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also represents the quantity conibLned with the alkalies,— ^Ika I iue 
phosphates. 

SuLPHATEa. 

The sulphates in the urine are of two kinds (I) ordinary 
neutral sulphates of sodium and potassium, and (2) the ethereal 
sulphates. Since the sodium salts predominate in the economy, 
the sulphate of sodium occurs in the urine in greater quantity 
than the potassium sulphate. The quantity of sulphates ex- 
creted by the kidneys in the healthy adult varies from 1.6 to 
3 grammes per day. The sulphates, being extremely soluhle 
compounds, are, therefore, never met with in the urine in the 
form of deposits. 

An incrensefi excretion of sulphates by the kidneys occura 
after the ingestion of sulphuric acid or its salts, upon active ex- 
ercise, upon an exclusive meat diet, and inhalations of osygen- 
gas. Clinically an increase occurs in acute fevers, with in- 
creased urea secretion. The most marked increase is noted in 
meningitis, encephalitis, and rheumatism. In general, it may be 
accepted that the excretion of urinary sulphates runs parallel in 
quantity to that of urea. 

Detection. — 1. To 10 cubic centimetres of urine add a few 
drops of lijdrochloric acid, then add about 3 cubic centimetres of 
barium-cliloride solution ; a white, milky precipitate is formed of 
sulphate of barium. 

2. More simply still, to 10 cubic centimetres of urine in a 
test-tube add oue-third the volume of acidulated harium-chloride 
solution,' when a white, milky precipitate at once appears In the 
presence of sulphates. 

S. Approximate estimation may be made by the above as fol- 
Iowb: If a simple, opaque, milky turbidity result, the sulphates 
are present in al>out the normal amount; if more opaque, pos- 
sessing the appearance of cream, the sulplmtea are excessive; if 
but a light translucent cloudiness result, the sulphates are 
diminished. 

Detenninafion.^(a) The volumetric method is conducted by 
adding to a given volume of urine a standard solution of t>arium 
chloride as long as precipitation occurs. 
* Baric chloride, (puU; uld hjdrochlarfc, 1 p»rt; dlatllled waUr, IflparU. 
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Solutions Reqidieii. — I. A standard cliloride-of-burium solu- 
tion: 30,5 grammes or crystallized turiiim chloitde to 1000 cubic 
centimetres of distilled water ; 1 cubic ceiitinictre of this solution 
corresponds to 0.01 gramme of siilpburic acid. 

2. Solution of [jotassium suljihate, 20 per cent. 

3. Pure Uydrocliloric acid. 

AnalijsiB. — One hundred cubic centimetres of urine are ren- 
dered acid by 5 cubic centimetres of hydrociiloric acid, and 
brought to boiling in a flask. The combint>d sulphatta are thus 
converted into ordinary sulphates, and give a precipitate simt- 
larly with barium chloride. The chioride-of-barium solution is 
allowed to drop into the mixture as long as any precipitate oc- 
curs, the mixture being heated before each addition of barium 
chloride thereto. After adding 5 to 8 cubic ci-ntimetrcs of the 
staiidnrd solution, allow the precrpitate to settle; pipette off a 
few drops of the clear, supernatant fluid into a watch-glass ; add 
to it a few drops of the standard barium solution. If any pre- 
cipitate occur, return the whole to the flask and add more barium 
chloride ; again allow the precipitate to settle and teat as before; 
continue thus until no more precipitate is formed on the addition 
of barium-cbloride solution. 

Excess of barium chloride should bo avoided ; when only a 
trace of excess is present, n drop of the clear fluid removed 
ftvm the flask gives a cloudiness with a drop of potassium- 
sulphate solution placet^! on a glass plate over a black ground. 
If more than a cloudiness appear, too lai^e a quantity of 
barium chloride has been added, and tbe analysis must be 
rej)eated. 

From the quantity of Itarium chloride used, the percentage 
of sulphuric acid in the urine is calculated, — 1 cubic centi- 
metre of barium-chloride solution corresponding to 0.01 gramme 
of SOj. 

(b) Oravimelric ilelermination is best conducteil as suggested 
by Salkowski. This consists in washing the precipitate of barium 
sulphate obtained by adding barium chloride to a known volume 
of urine ; 100 parts of sulphate of barium correspond with Si. 33 
parts of sulphuric acid (SOj). 

Analysis. — One Imndred cubic centimetres of nrine are taken 
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in a beaker; tbia ia acidified with 5 cubic centimetres or bydro 
cbloric acid. Chloride of barium is added till no more precipita- 
tion occurs. The precipitate is collected ou a small filter of known 
ash, and washed with hot distilled water till no more barium 
chloride occurs in the filtrate, i.e., until the filtrate remains clear 
after the additiou of a few drops of hydriu sulphate. Theii wash 
with hot alcohol, and afterward with ether. Remove the filter 
and inciiiei-atc with its contents in a platinum crucible. Cool 
over sulphuric acid in au ejceiccator; weigh, and deduct the 
weight of the crucible and filter ash ; the remainder is the weight 
of barium sulphate formed, from which the SOj is readily calcu- 
lated, — 100 [jarts of barium sulphate corresponding with 34,33 
parts of SO3- 

Correvtion. — Aa carried out above, a slight error occurs in 
the analysis from the formation of a small quantity of sulphide 
of barium. Correct as follows ; After the platinum crucible has 
cooled add a few drops of pure sulphuric acid (H,SO,). The 
sulphide is converted into sulphate. Heat again to redness and 
drive off the excess of sulphuric acid. 

(c) Salkowski's method of estimating the combined sulphuric 
acid — i.e., the amount of SO3 in ethereal sulphates — is as follows: 
100 cubic centimetres of urine arc mixed with 100 cubic centi- 
metres of an alkaline barium-chloride solution, which is a mixture 
of two volumes of solution of barium hydrate with one of barium 
chloride, both saturated in the cohL The mixture is stirred, and 
after a few minutes filtered ; 100 cubic centimetres of the filtrate 
(=^60 cubic centimetres of the urine) are acidified with 10 cubic 
centimetres of hydrochloric acid, boiled, kept at 100° C. on a 
water-bath for an hour, and then allowed to stand till the pre- 
cipitate has completely settled; if possible, it should be thus 
left for twenty-four hours. The further treatment of this pre- 
cipitate (^combined sulphates) is then carried out as in the 
last case [see (6)]. 

(7ffl(c«/a(wMis,— Two hundred and thirty-three parts of barium 
sulphate correspond to 98 parts of H^SO^, 80 parts of 80^, or 
3a parts of S. To calculate tlie 11,80^, multiply the weight of 
barium sulphate by j'j'g = 0.4206 ; to calculate the SO3, multiply 
by ^^ = D.3433& ; to calculate the S, multiply by ^/g = 0.13734, 
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This luetbod orcnlculAtion applies to tlie gravimetriu GBtimntion 
both of totiil siiiiibates nnd or combined sulphates, 

(d) To obtain the amount of preformed Hiilpliiiric acid, sub- ' 
tract the amount of combined SO, from the total amount of 
80,. Tiie difference is the preformed SOj. 

Example. — One hundred cubic ccntimt^^tres of urine gave 0.5 
gramme of total barium sulphate; this multiplied by ^^^ =0.171 
gramme =^ total SO3. Another iOO cubic centimetres of the 
same urine gave 0.05 gramme of barium sulphate from ethei'eal 
tiulphatcs; this multiplied by gV^ ^^O.OIT gramme of combined 
SOj. Total SOj — combined SO, =0.171 _ 0.071 = 0.16T 
gramme of preformed 8O3. 

Cakbonatbb. 

Carbonate and biiqtrbonate of sodium, ammonium, calcium, 
and magnesium are present in minute quantities in fresh urioe 
of alkaliiie reaction. The ammonium carbonate may be found in 
large cpiantity as a result of allialine decomposition of the 
iirine. The carbonates of the urine arc derived from the food, 
from lactic, malic, tartaric, anccinic, and other vegetable acids in 
the food. If the urine contain much carbonates when voided it 
is turbid, or soon becomes so u|K>n standing, and upon sedimen- 
tation the precipitate is that of calcium carbonate usually asso- 
ciated with pliosphatos. Carbonate of lime constitutes the basis 
of urinary calculus of great rarity in the human subject, very 
frequent, however, in herbivora. 

Detection. — The preseuce of carbonates in the urine may be 
reveaJeil by the evolution of colorless gas, upon the addition of 
acid, and this gas renders baryta-water turbid. 

Detemii nation. — The following method of Marchand may be 
employed for estimating the free carbonic acid of the urine: 
One hundred cubic centimetres of urine* arc placed in a glass 
flask, closely fitted with a doulily-iierforated cork. Through one 
opening a tube is passed, which dii^s into the urine, and at the 
other end is connected with a tube containing some quicklime. 
Through the other opening in the cork one arm of a doubly-bent 
tube is passed ; this arm does not dip into the urine. The other 
vm is introduced into an empty flask through a tightly -fitting 
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cork. This flnsk is connected b; a eimilar tube with a second 
Qask tilled witli clear barjtn- water, and this with a third and 
fourth filled with baryta- water. 

The urine ia heated to 100° C. over a water-bath ; any por- 
tions boiling over go into the empty flask. The carbonic acid 
eomes otf and forms s wlutc precipitate of barium carbonate in 
the flasks fllted with baryta-water. Air is then drawn through 
the appniiituB, any carbonic acid in the atmosphere being 
removed by the quicklime. The enrlionate of baryta formed is 
collected on a filter, washed with distilled water, dissolved in 
hydrochloric neid, precipitated again by sulphuric acid, and 
weighed as barium sulphatii. From the quantity thus obtained 
the amount of carbonic acid in the urine can be calculated: 
196.65 parts of barium carbonate correspond to 232.62 parts of 
barium sulphate and 44 parts of carbonic acid. 

(&) The total carbonic acid may be similarly estimateil after 
strongly acidifying the urine with hydrochloric a<'id. 

The combined carbonic acid is the difference between the total 
and the free carbonic acid. 

OtIIEH iNOiUlAMC CoNBTlTUENTS. 

J^0n occurs in tliu urine in small quantities, but its couili I nation Is 
yet unknown. Fruo amvtnnia occurs in irnces, greatly increased in 
pntrefuctivo changes of tlie urine. Jlydrogrn dioride wiis fii-st sliown 
la the urine by Scliimbeo. It exists in email amount, nnd, so fWr as 
known. Is without special sigiilficHlion. It is deteded by tetra-pupor, 
which, if immersed In its solution, will show the presence of ozone Iiy 
taking a blue color. 3. DihUo indigo solution is blyaclicd hy dioxide «f 
hydrogen in the presence of iron-sutphate solution. 

Oasbs.— Tlie urine contains sninll quantities of gases. Carbonie 
aeid, 4 to Q volumes free gns: 3 to & combined. Orgytn, 0.2 to 0.6 
TOlume ; and nitrogfn. 0.7 to 0.8 volomc. The gases of the urhie may 
be witlidrown by the air-pump. 

CENTRIFUGAL ANALYSIS. 
The chemicnl constitiients of the urine, both normal and ab- 
normal, may be estimated by the centrifugal method, and very 
excellent, as well as rapid, residts may thus lie obtained. The 
method followed by the author consists in throwing out of solu- 
tion the chemical constituents of the urine desired to u 
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and L'slimating tUe fjiiuiitity of the insoluble precipilntes in bulk 
percentage. For tLis piirjiose tbe author Las devised a set of 
percentage tubes, wLich will be found (jonveiiient for estimating 
not only the chemical constituents of normal 
■^jr-^'^ urine, but also such products of abiiomuU 

i mine as pus, albumin, etc. Tlieae per- 

jgjC centiige tiiltfs — shown in the figure — are 

graduated in tenths of a cubic centimetre Up 
to 10 cubic centimetres. The lower portion 
of the tubes being drawn out in eonical form, 
fractions of the lirst three cubic centimetres 
may be more accurately read nnd measured. 
Above the graduated scale the tubes [lossess 
sullicient <'apacity for the reception of the 
reagents ordinarily required to precipitate 
the urinary constituents to be estimated.' 
The following is the author's method of con- 
ducting centrifugal estimations of some of 
the inorganic constituents of the urine : — 

Chlorides. — The percentage tubes are 
filled to the 10-cubic-centimelre mark with 
the urine to be tested ; a few drops of nitric 
acid are added to prevent precipitation of 
i the phosphates, nnd then the tubes are Qlled 

'Jm lo the 1 5-«ubic-cen timet re mark with the 

standard nitrate-of-silver solution (5j to ^). 
The tubes are nest closed and inverted 
several times, until the urine and tbe re- 
agents are thoroughly mingled. The tulxis 
are next placed in the centrifiige and re- 
volved until the sediment is thoroughly 
packed, when the quantity in bulk per- 
centage may be read otf from the graduated 
scale on tbe sides of the tubes. From a 
considerable number of observntions the author finds that the 
bulk percentage of chlorides in normal urine thus obtained 
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ranges from 16 to 18 per cent. Variations from the normid 
range are quickly indicated, and the degree of variation ia 
definitely measured. 

Phosphates. — The gross iin.intily of the urinary phosphates 
are readily determined by the centrifugal method in a similar 
manner. Thus, the percentage tubes are filled to the 10-cubic- i 
centimetre mark with the urine to be tested, aud then the mag- 
nesium mixture' is added to the 16 cubic-centimetre mark. The 
tubes are elosed and inverted several times, until the urine and 
reagents are thoroughly mingled. The tubes are then placed in 
the centrifuge and revolved until preciijitation is complete, when 
the bulk perceutage may be rend olf fiom the scale. 

The chlorides and phosphates precipitated as juat described 
form comparatively heavy sediments, which are deposited by the 
oentrifiigc in about one minute. In order, however, to insure 
uniform results, it is found best to leave the tubes in the centri- 
fuge for three minutes, when the sediments will be found to have 
packed bo solidly that only long-continued revolutions cause 
further chaugt^s in the reading. With the author's electric cen- 
trifuge it h advised to revolve the tubes uniformly three minutes, 
Kt moderate speed, before reading the quantity of chlorides And 
phosphates. One thousand revolutions i>er minute, continued 
for three minutes, give the author's standard results for chlorides, 
phosphates, and sulphates. 

The bulk percentage of total phosphates in normal urine 
determined as just described will be found to range from 8 to 12 
per cent. It may be observed that frequent and wide variations 
in the amount of urinary phosphates are moi-e common than with 
any other urinary constituents. Quantitative centrifugal analysis 
can only be carried out Batisfactorily with the electric centrifuge, 
because hand power c-annot give the same uniform and definite 
rates of speed as electric power. 

Sulphates. — These are estimated as insoluble salts of barium, 
as follows: The percentage tubes are filled to the 10-cubic-centi- 
metre mark with the urine to be tested ; the acid barium-chloride 
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mixture is next added to the 15-cubic-cetitimetro ninrk;' tile 
tubes are then inverted a number of times, until the urine and 
reagents are mingled. The tubea are then placed in the centri- 
fuge and revolve*! for three minutes, when tlie bulk percentage 
of total sulphates may be read oif, the range of which in normal 
urine wilt be found about 1 percent. The rule followed by the 
author with Uia electric centriAige is as follows: The chlorideg, 
pkonphalea, and xulphales are gedimented in the percentage tubts 
by lontinued remlulions at moderate xpeed for three (S) minutes. 

The term moderate speed, wherever applied to the author's 
centrifuge, means 1000 revolutions per minute. 

The author has found this method to give excellent approxi- 
mate results for practical work, and the advantages of the 
method are that it can l>e carried out very rapidly and the 
variations from the normal standard are deOnitely measured. 
Centrifugal analysis may Le extended to practically include all 
urinary constituents. Analysis for chlorides, phosphates, and 
sulphates are here described, both to illustrnte the method and 
on account of the great practical value of being able so readily 
to approximately estimate these highly-important constituents. 
Thp author hopes soon to furnish methods and standards for 
centrifugal estimation of most, if not iili, the remaining constitu- 
ents of the urine. 



SECTION III. 

ABNORMAL URINE. 
PaOTEiDS, 
The four proteids of the blood — viz., scrum-albumii], serum- 
globulin, fibrin, and Imnioglobin—are met with in tbe urine in 
various patbologic.ii coiulitioiia of the kidneys, the blood, or the 
BjBtem at large. Other prolvids arc sometimes met with in the 
urine which do not exist in the blood, sttch as egg-albumen upon 
the liberal ingestion of egga as food, nud, under certain con- 
ditions, also peptone. Finally, oerUiin proteoses arc met with in 
the urine in pathological conditions, the more prominent of which 
are pro-albumose, deutero-albumose, and betero-albnmose. 

Albuminuria. 

The chief clinical interest with regard to proteids in tbe urine 
will probiibly always centre about serum-albumin. While albu- 
min ia doubtless the most common of all the constitneuts of mor- 
bid urine, it still remains a debated question if it be present in 
the urine in bcaltb. No doubts can further exist that tbe urine 
occaaionally contnius a variable — nsmdly small — but distinct 
amount of olbumin when tbe kidneys present no appreciable 
alterations of structure; but, as will be shown, albuminuria 
often arises from causes aside from tbe kidneys themsetves. 
Albuminuria, therefore, cannot be proved to be a condition of 
health, so long as the kidneys alone are considered ; yet, the ab- 
sence of renal lesions vrould seem to be the chief, if not indeed 
tbe only, condition sought to be estublisbed by many advocates 
of a so-called physiological nlbuminiiria. 

Albumin belongs to the class of colloids which do not crys- 
tallize, and under ordinary conditions do not penetrate animal 
membranes ; but alterations from tbe normal conditions, as in the 
integrity of the basement membrane, in the quality of the albu- 
min itself, or in the pressure to which they are both subjected, 
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inay result iii traimudatioii. It is altogelber probable that m( 
forma of albuminuria are r^rerable to causes correajMinding to 
one or more of the above-named conditions. In otber words, al- 
buminuria may be due (1) to change§ in tlit! kidneys themselves, 
which impair the integrity of the structures betwt'tn the veaaelfl 
and the excretory cbanuels of tlie organs; (2) alterations in the 
quality of the blood which render its scrum-albumin more diO^i- 
sible; (8) alterations in the degree of blood -pressure. Albumt- 
riiria may depend upon one or, indeed, all three of the nlxive con- 
ditions. 

Clinical Signifloanoe. — I. The more common form of ftlbn- 
minuvia, as well as the most serious in its clinical signifScanve, is 
that depending upon pathological conditions of the kidneys. The 
uoHt frequent of these are inllammntory and dt;generative changes 
in the renal structure, and iuclndi: the whole class of disorders 
commonly grouped together under the term of Bright's disease. 

It is im|i08aible always to estimate the gravity or progress of 
renal changes by the quantity of albumin present in the urine. 
Sometimes, liowever, as in acute inflammatory conditions, when 
the amount of albumin ntnges high, — 1 per cent, by actual weight 
or more. — the quantity may be taken as a rough gauge of the ex- 
tent of the lesions as well as the progress of the same from day 
to day. 'file same may be sjiid of certain degenerative changes 
in the kidneys, notably of amyloid disease. This, however, by 
no means applies to all diseases of the kidneys, for, indeed, in 
certain renal diacases of the most serious character, — inlergtiliat 
Tiephrtlis, — not only is the quantity of albumin in the urine 
usually small, but it is often temporarily, and even occasionally, 
absent throughout. The quantity of albumin in the urine, 
therefore, is not a safe guide as to the gravity of the situation in 
diseases of the kidneys, especiidly in cases attended by moderate 
or even very slight grades of albuminuria. 

2. The second class of allmminurins depend upon changes in 
the constitution of the blood, which so alters the diffnsibility of 
its albumin as to permit it to pass into the renal tubules. The 
htemotogeiiic causes of albuminuria have been moat ably ex- 
pounded by Semola, and, although he probably claims too wide 
» range for these causes, there remains no just reason to doubt 
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their existence. We often meet with such albuiuitiui 
and in strumous and eiifVeliled indiviclunb, when no lesions of 
the kidneys can be mnde out, Tlie elTwl of eertnin poisons upon 
the blood probably so altera thut lliiiil as to ijerniit of trnn- 
suihilion of its albumin into tbe renal tubules. The etfects, nlao, 
of some iufeftious fevers — micro-orgiinisms in the IjIoo<1— no 
doubt seriously alters the constitution of the circulating flnid, 
so that transudation of albnmin is the rule, while the kidiieya do 
uol slways become damaged. 

3. Tbe third form, distnrliances of the circulation, may bring 
about albuminuriu without inducing stritctural changes in the 
kidneys, providetl they lie not too long continued. Circiiiatory 
disturbances, iu order to induce albuminuria, must include the 
rennl vessels. In nature they must consist of acceleration of 
the arterial current or slowing of the venous current, in either 
case resulting in increased blood-pressure. Probably this cause 
IB responsible for the majority of that large class of eases of 
Bo^alled " physiological or functional olbuminuria».^' This ia 
most marked npon jirolonged or fktiguing muscular exercise. 
Leube found albumin in the urine in 16 per cent, of soldiera 
after prolonged march, and Chateaiibonrg gives the perwntage 
ES even highiT. A similar result sometimes occurs aller the 
ftpplication of cold to the surface of tbe body ; the blood bring 
driven to the interior, the i-enal i-essels become overfilled and 
albiiminurin often results. Again, in some derangements of 
the nervous system, which interfere with the rasomotor-nerve 
regulation of the renal vesseb, tcmponirv albuminuria is not 
an imcomtuon result. Albuminuria from increased blood-press- 
ore is readily demonstrable by experimentation in the following 
ways: 1. By pressure upon the renal veins. 2. Ligature of the 
aorta below one kidney, and extirpatixn of the other, 'i. Com- 
pression of the trachea. The quantity of .albumin iu the urine 
^m disturbances of the circulation is for the most part small 
It may be but temporarily present, or it may Itccome a permanent 
condition, depending upon the continuance of the cause. Thus 
we may have temporary albuminuria after a sciiture of epilepsy 
which soon after the attack subsides, or when depending upon 
o^anic disease of the heart it beeoines permanent. 
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three of tlie causes Just considered. In fevers, fur instance, all 
the described causes of nlbuminuria are somtitimes present. We 
have, for instance, accompiinjing changes in bluod -pressure, and 
wben long continued the febrile state is apt to induce structural 
changes in the renal epitlielium, while profound changes in the 
Gonstitutiou of the blood are often induced by fevers, more eajw- 
cially the acute inlbctious ones, which without doubt are the 
active cause of albuminuria. 

It remaiiis to consider the significance of a form of albumi- 
nuria which is often intermittent in character, to which Pavy's 
" Cyclic Albuminuria" and Moxon's " Albuminuria of Adoles- 
cence " doubtless belong. In a large [wrcentage of these cases 
the albuminuria is intermittent ; if not, usually it is remittent ; the 
intermission or remission occurring during rest, as at night. 
On rising in the morning the urine is often free from albumin, 
but soon after rising, and esiieeially upou exercising, the urine 
contains albumin, which may or may not wear away toward 
evening. A large percentage of these cases ia observed in 
youths and young adults. 

In nnotlier class of these cases the albuminuria is more con- 
stant, and if an intermission occur it is usually measured by 
weeks or months instead of hours. In these cases the age of 
the [latieut is less constant, althongb the albuminuria is still most 
common before middle age. 

For the most part all these cases possess certain features in 
common: I. Thequantityof albumin in the urine is small, usually 
ranging from one-half to one-tenth or two-tenths of one per cent. 
2. The urine either contains no renal casts or very few perfectly 
hyaline ones. 8. The specific gravity of the urine is somewhat 
above the normal standard, — 1024 to 1030. 4. Kvidences of car- 
diac and general vascular changes of a permanent nature are 
absent. 5. Close observation will usually reveal evidence of 
some local or general impairment of the functions, as measured 
by the standard of vigorous health. 

The causes of this group of albuminurias are identical with 
those already considered, only oiieraling i>erhaps in milder de- 
grees. To changes in the renal structures, alterations in the 
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quality of tbe blo«l, or abnormal increase of blood-presaure, — to 
one or more, or all ol' tliese conibiiied, we may with great prob- 
ability refer every csir^e ol' albiimluuria as to its cBseutial cause 
or causes. 

It will be seen, from the preceding considerations, that albu- 
iDiDuria is a symptom of tbe most variable clinical significance, 
and therefore, in itsidf, should never be ai-cepted as proof of 
the presence of renal disease. As bus been truthfully said, " tUis 
was the error of former times." It can only be positively as- 
serted that albuminuria is the result of renal changes when it is 
accompanied by thoae products in tbe urine which are a conse- 
quence of renal lesions, such as casts, epithelium, etc. On tbe 
other hand, it must be remembered tliat albumin in notable 
quantity is not present in healthy urine. On the whole, it will 
be safer to accept albuminuria as an evidence of an existing ab- 
normal state, the gravity of which must be determined by its 
accompanying symptoms. The author holds that so-called func- 
tional albuminuria forms no exception to the above rule, inas- 
much as be has never met with a case of albuminuria in which 
the patient did not present more or less evidence of departure 
from the normal balance of perfect health, cither local or general. 

It is only necessary here to allude to the occurrence of albu- 
min in the mine derived from sources other than the kidneys. 
Buch albuminuria has been variously tei'mcd advenliliauB, false, 
or accidental. In such cases the urine on leaiing the kidneys is 
perfectly normal; but, meeting with tbe products of inflamma- 
tory changes in the urinary passages, — tbe renal pelvis, ureters, 
bladder, or urethra, — it becomes albuminous. As a rule, in such 
Oases, the source of the albumin may be determined by chemical 
and microscopical investigation, together with local sjmptoms. 

Detection of Albumin in the Urine. — t. Seat: Boiling the 
urine conalituted the first teal employed to delect albumin, by 
Contuguo (1770). The more common method of application of 
this test is in conjunction with nitric acid. A test-tube of ordi- 
nary size is fiUeil half full of the suspected urine, and heat is 
applied until boiling occurs throughout tbe whole. If a precipi- 
tate occur, it consists either of albumin or earthy phosphates. 
A few drops of nitric acid are next added, and if tlie precipitate 
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renmiii uudisBolved it is dtie to the presence of iinniiiiin. If, on 
the othev Imnd, the precipitate disappenr upon the Addition of 
the acid, it consists of tlie earthy pho^phntes. and the urine is 
free from albumin. In testing, tlie add should lie added in small 
quantity, at lii-st, — say, 2 to 5 drops, — and the urine should then 
be re-boiled. If now no precipitate occur, acidulation should be 
continued until prei-ipitation occur or a limit of acidiflcntion lae 
reached of about 15 to 20 drops. Some prefer to reverse this 
order, and first acidify the tirine before applying the heat. 

The heat and nitric-acid test is subject to certain errors. 
Thus, if there be little albumin present and the acid be in excess, 
the albumin may combine with the acid, forming a. soluble acid 
albumin, — synloniiie, — which is not precipitated by boiling. If, 
on the other hand, the acid be insufficient to distinctly acidify 
the urine, and if the phosphates be in excess, a part only of the 
basic phosphates may be acidified, while the albumin may com- 
bine with the remainder, forming a soluble alkali albuminate, 
which will not lie precipitated by boiling. The heat and acid 
test throws down albumin, globulin, and mucin, and upon cooling 
albumose separates, if present. No reaction occurs with peptone, 
vegetable alkaloids in the urine, or with the unites. If the nrine 
contain the pine acids, as sometimes occurs after the use of 
cubeh or copaibie, these may cause slight precipitation by this 
test, which may be mistaken for albumin. The ready solubility 
of this precipitate in alcohol distinguishes it from albumin. 

Various modifications have been suggested, with the view of 
avoiding the mucin reaction which sometimes undoubtedly occurs 
with this tei;t, such ns Orst l>oiling the urine and then very faintly 
acidifying with nitric acid, or by employing acetic instead of 
nitric acid in quantity not to exceed 2 drops. Such modifica- 
tions, however, are not to be depended ujwn in eliminating the 
occasional mucin error, as will appear by a study of the chemistry 
of mucin reactions. 

2. The Autkor'x Method. — Have at haud a solution of chloride 
of sodium (table-salt), pre|Kired by saturation and filtering, so 
that it is perfectly clear. First raise the sjjecific gravity of the 
urine about 10 or 15 degrees by the addition of a little of the 
Bodium-chloride solution. Next fill an ordinary test-tube to 
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ftbOQt two-tbii'tla with tlie urine, add 1 or 2 drops of strong 
acetic acid, and ioil the upper inch or so or the urine about half 
a minute over a spirit-lump, Examine in a. good light, and if 
albumin be present it will appear in the upper boiled portion of 
the urine aa a more or less pronounced milk-like turbidity, 
according to the quantity present, the lower or nnboilcd portion 
remaining perfectly clear, in strong contrast. This test possesses 
all the sensitiveness of the heat and acid test for albumin, and 
avoids the mucin reaction. The author advises the alwve modi- 
fication of the heat and acid test when dealing with minute 
quantilies of albumin ; with large amounta of albumin the old 
method may be followed. 

3. Nitric-Adtf TvM. — This test is applied according to Hel- 
ler's method, as follows : Upon a column of pure nitric acid in a 
te8t-tul>e the suspected urine is gently fioated, so that the column 
of urine and that of acid are about an inch in depth. In order 
to accomplish the above without mixing the acid and urine, the 
teat-tnlie should Ije held iu an inclined position and the urine 
slowly delivered along the inside of the tube, so that the urine 
may flow gently down and overlay the acid. If albumin be 
present, an opalescint zone will be observed al the point of con- 
tact between the acid and the urine, which becomes more or less 
pronounced according to the quantity of albumin present. If no 
change be perceptible upon careful examination in a good light, 
the tube should be set aside and re-examined in half an hour, 
because, when only a trace of albumin is present, twenty to 
thirty minutes may elapse before the zone of coagulated albumin 
becomes visible. 

In concentrated urines with this test the acid is apt to pre- 
cipitate the amorphous urates in the form of a light, rather 
brownish cloud, which may be taken for albumin. The cloud of 
precipitated urates, however, does not appear at the point of 
pontact between the acid and the uriue, but higher up, within the 
nrine itself; moreover, it is more ditTused than the albuminous 
zone, and spreads downward through the nrine. The precipi- 
tated urates disappear upon the a|iplicaliou of gentle heat. 

If the urine contain mucin in excess, a light cloud may come 
into view toward the surface of the urine with this teat. It will 
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be reinembereil that miiciD is soluble in strong nltriu acid, bi 
precipitated by the same in dilute form, and therefore the mucin 
reaction ftlwaj-a occurs high up in the strata of urine which con- 
tains the acid well diluted. If the urine contain the pine acids 
& reaction may occur with this test somewhat similar to that of 
albumin, though usually less dehned. The precipitate due to 
oleo-resins is soluble in alcohol, which distinguishes it from 
that due to albumin. 

The nitric-acid teat precipitates all modifications of albumin, 
acid and alkaline, as well as albumose. On tiie other band, it 
gives no reaction with peptone or the vegetable alkaloids. 

i. The Feri-ori/aiiic Tent. — This test is exceedingly simple 
and rapid in application, as follows: Into the bottom of a clean 
test-tube is poured 15 to 30 drops of acetic acid, then about two 
or three limes that amount of solution of jjotassium ferrocyanide 
(1 to 20) is added, and the two thoroughly mingled by shaking 
the tube. The urine ia next added, to the depth of two-thirds 
of the test-tnbe. If albumin be present it will be precipitated 
thronghout the whole volume of the lirine in the form of a more 
or less milk-like, flocculent cloud, according to the quantity of 
albumin present. The ferrocyanic test applied by the above 
method avoids the mucin reaction, and precipitates all modifi- 
cations of allmmin, acid and alkaline. On the other hand, it 
gives no reaction with phosphates, unites, peptones, the vege- 
table alkaloids, or the pine acids. This test may also be applied 
as follows : Fill an ordinary test-tube half full of urine, and add 
a drachm or so of potassium-ferrocyanide solution (I in 20). 
After thorough mingling of tlie urine and reagent, add a few 
drops {10 to 15) of acetic neid, and if albumin be present it 
will come plainly into view. This ia a most trustworthy test, if 
applied by eitiier of the aliove methods, and it may be de)>ended 
upon for the detection of albumin in the nrine, either in large 
or small amounts, without further corrections or precautions. 
Any precipitate produced by this test, when applied as above, 
is albumin, and nolking but albumin.^ 

> It U ImpriipiT to npply thla te«t liy previous neldEllciilloli of the Urine, be- 
caiue It Is nnl; liy wtdlug the Terrocyaiilde solution to the urtiie Oral or with the 
acid Ih&t the latter Is preveuted from precipltatlag the luintuy muctiii 
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Otuer Tebts vos. Albumin. 

The Ub( few jftn liave ^reutly coiitrlbutvtl lo llie nuniber of teiU liir 
■Ibuinlu 111 Uw urftiu; Oil' luare |ii'oiii<u<-iil of Iboee brouglil forward are tbe 
following :— 

5. iVlnHio-Jfrn'ciirif l-nJiiU 7Wf.— This solutluu wu QrBt |)rup<we<l tij' Tanret 
•■ ■ nUKt MDBiUvc unt furalbumlii. Tbe rormula Ibhh TuLIowb ; Fotosoluai Iodide, 
8.8S KTWiiDin ; bklilorlde ot niefuurj-, 1.35 gramme* ; acellt add, 20 cubic cen- 
tlmBtTM; distilled wmter tu lOU cuUc ri'Dlluietres. Tlie putualum Iodide and 
mercuric chloride alioulU be Eeporalelf dUeolved Id watrr, and the BolnUoDS 
mixed ; tbe raukliig rcaj^fot is the double Iodide of mereury and potasBium, to 
Kbicb the ai'etk' aald U adilci], and Ibc whole made up to 100 cubic centimetres 
wiUidlatUled wati^r. As Uiu< preparvd Hie Iciil la applied by Ihecontacl method i 
Ibc reagent, being of epeclflc gravity of bIkiui I04{), la lutrodueedliito the teat- 
tube flrat, and tbe urjne allowed to overlay it lu ihc usual mauuer. 

The teat may alao be applied by keeping the acid and Uio mercurlc-lodlde 
aolutloD Hsparale. Tbe urine la theo acldiflcd, flitt with acetic acid, and the rea- 
gent added to half a (cet-tubeful of uriue, and If albumin be present tt I* Inimo- 
dlately caused to Tall uut of solutlou lu a wlilte cloud, more or leM pronounced, 
according lo the quantity prcseot. 

The test rc>ponda to all modlflvalions of albumin, also lo peptone and tbe 
prolmM, BB well as the vegrtabic alkaluldi and piuc acids. All resctiona, how- 
ever, other than with albninln, the pine acids, and mucin, disappear upon gentlj 
lieatlng. This teat Is oue of great seusillveDesa In bringing to llf;ht nilulma] 
tntcoB of albumin. 

6. Ptrrtf Acid— Tbli test hu bcrn strongly ailvocaled by Sir Geflrge John- 
iOD, ofljindon. Tlic ter t Is made by sslurallon, — B or 7 grains to the ounce of 
bolltng distilled water. Upon a column of urine four Inches deep In sn ordluaiy 
iMt-tube Is gentlj Boated the r*ageDt, and tn consequence of lla low speclflc 
graTlty It only mixes with the upper layer of urine. As far as the yellow color 
of the plcrlc-acid solution extends, tbe coagulated albumin renders tiie mlitore 
tnrbld, forming a contrast wltli the clear urine below. There must be an actual 
mixture, not mere coulact of tbe urine with picric add. This test preclpltaMa 
albnmln. peptone, mucin, proteows, as well as the Tegctablo alkaloids, all of 
which, save muHn, are dissolved bj heat. 

7. Sodltmt 7V«sr»(o(*.— This test was suggested by Dr. George Oliver as ■ moat 
sensitive reaprnt for albumin. The BOlutlou it made by mliing equal partt of 
sodlum-Iniigstate solution (I to 4) and aatunited solution of citric acid (10 lo B). 
Dr- Oliver apptlee the test by the eontacl method. This trat preclplules, tn 
addition to albumin, p^'ptonc, mucin, and occasionally the urates. It gtvea 
DO reaction, however, with the alkaloids, ami all preripllutcs, save thoae due 
to albutnln and mucin, are dissolved by gcnile beat. 

S. AcidiJalnl Brim 7W.— This le«l was suggcstfH] by Roberts, and is prepared 
t^ mixing together a pint of saturated solution of sodluni chloride and 1 fluld- 
oaoceof Etnnigh7dnK'hloriea(.'ld,andf1lieriug. The test U applied by the usual 
eODUct method, the reagi'nl being Introduced Into the test-tube Brat, and the 
nflne gently Itosied thercutmn, 

9. JVWrie MagHeiiuin TW— Tiiis test, also suggested by RoberW, Is composed 
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or 1 ounce or»tron^ nitric acid •nd 5 oancpi nf saturntc'd Bofuliun of mi 
lulpbate. Tb!a ts claimed to Iw more »pii»UI»e Hisn tlie iiLlrio-«clJ teat, and li 
applied hy tlie contact mrtliml- 

10. PhrHteAirtKAnd Tt-f.—lbli lest w»e liroiieht TorHfard liy MlllarJ as lbs 
moat Mualtive of all albuitilri reagenn. Tlie formula Is iw followa : Add pheiilc 
glacial <95 per ceot.), 31J ; acid acetic (C.P.)i 3vg ; llquur poWauB, 3vJ. Thto 
teat l« applied In Uie usual contact maimer byovcrlayluglbereageut witb tUeaoa- 
pecled uthie. In addlUoii to prMlpllaliug albumin, Uile reageut ibrowa down 
peptone, iiiuclu, alkaloldi, and tbe plus aclda, — tlie peptone and alkaloid* being 
dlHOlvcd upon the application of beat. 

11. TrlcMoiaeitie'Aeli IM.— This solulion f« prepared by almply latiiratlng | 
dlllllied water witb tbc crystals ot trlcbloi-u<:etjo acid (about Jss to Jj of water). 
The lest l« applied by tbe coutact method, nud delicate results are daJmed for ' 
thla reagent. ' 

13. Bij/n^tt'i Teti.—Ttie uriiie Is rendered strongly add with acetic add ; m 
. few cubic centialetreB of Balural«d solution of sodium chloride are added, and 
the mixture boiled. Tbe presence of albumlu U shown by the appearance of a 
flocculent preclpiialc. 

13. iTa falciil-iiii/'' 7W.— Tills test simply consists In aJdUig lo the suspwted 
urine a little aolld uietnpboopborlc add, and, If albumlu be pivsent, coa^fuiatloa 
occurs In the form of a white precipitate. 

M. Aatie AM and Sodhim SJpAoH.— Acidulate the urine ilrongly with acetic 
odd ; add 1 drachm of the strongly add urlno to I drochiu of a strong solutlod 
of sodium sulphate and boll. If albumin be present a pvruiBneutprHlpitatewlll 

18. Biurtl r«t.— The urine la treated with causllc [lotaealnm, and a iHluW 
•olutlon of cupric sulphate Is wided, drop by drop, by means of a pipette. If 
albumia be present, Uie resulting cupric peroiidc (a green predpllote) Is dls- 
tolved, and the fluid assuinea n rddlsh- violet Color. Tills teat reacu with albu- 
min, albumose, globulin, nnd peptone, — the latter substance, however, giving a 
red, Dot violet, color. 

IB. Jfllion'i Bfadion.—Aii to I drachm of the urine 10 minims of MJllon's 
reagent, aud heat. If albumin be present In considerable quantities, a while 
precipitate «ill appear, wblch will become red when heated. If only a trace of 
alhumlii be present, no precipitate la formed, but the flnid becomes red. This 
reaction It common to all the monoliydroxol -benzol derivattonB, and la amblgu- 
ou*, since the reaction can be obtained from bodies of tbe aromatic series. 

IT. Xanlhoproteie Reaetbm. — Add to the sample of urine concentrated nitrle 
add and boll. Let the liquid cool, and then add ammonium. If albumin b« 
present an orange color Is produced. 

About ten yema ngo the niitliur mmie some study of llie tlien 
newer tests Tor allnimin ' in the urine, especinliy including NoB. 5, 
G, and 7. Very recently he has subjected practically the whole 
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series to a most crucial examinatioti, witli a view of determining 
their piactical value fur clinical purposes. Tbe conclusions 
readied are as follow : While mauy of tbeee Inter testa — notably 
6, 6, 7, 8, 9, ID, and 11 — ai'e esceediDglj delicate reagents for 
aJlitimin, greatly eXL'et;ding in sensitiveness tbe older nietbods, — 
as, for instance, witb beat and nitric acid, — yet tbeir increased 
sensitiveness ia nearly always obtained at tbe expense of trust- 
wortbiiieas. Without exception, tbe tests named give a reaction 
witb substances in normal urine, or with substances iu abnormal 
urine other than albuniiu. Furthermore, some of these reac- 
tions cniinot he dielingnisbed fVoni the albuminous reaction 
without further testing, and even in some cases wJUiout an 
appeal to some other test. Sir William Roberts claims that 
tbe most common source of fallacy is with mucin. While tbe 
author believes that mucin is not tbe exclusive source of error, 
especially witb those reagents for wbicb tinusuKl sensitiveness 
is claimed, — nucteo-albumin, as wtll as proteids of no grave 
pathological significance, being often responsible for these reac- 
tions, — yet be believes that the mucin renction is positively 
avoided in but two tests in the whole series, — viz., in Nos. 2 and 
4. If a pure solution of mucin be prepared and normal albumin- 
free urine be heavily charged with this solution, the following 
reactions may be observed : (a) Upon tbe addition of a few 
drops of nitric acid to sncb a urine in n test-tube a distinct, 
alhnmin-like precipitation at once appears, which boiling, how- 
ever long, fails to remove. If the process hi reversed and heat 
be first applied, and subsequently tbe acid be added, tlie result 
is precisely the same. (6) If now we follow the principle of 
teat No. 2, and first raise the specific gravity of tbe urine by a 
saline such as sodium chloride to 1035, and then add one or two 
drops of acetic acid and boil, no precipiUite whatever appears, 
because, while acetic acid is a sensitive precipitant of mucin, 
yet in solutions rich in salines mucin will not be precipitated by 
acetic acid eveu in very considerable quantity, (c) It next the 
muciparous urine be submitted to test Xo. 3, — Heller's nitric- 
acid method, — a very distinct reaction results, (d) If the urine 
be subjected lo No. 4, we find that tbe ferrocynnic solution acts 
as does the saline (sodium chloride) and prevents tbe precipita- 
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tion of the mucin by the soetic acid, and no precipitate results, 
(e) If nest tlie muciparous urine be subjeeted to teats 5,6, 1, 8, 
9, 10, 11, 12, 18, and 14, a very distinct renction will become 
visible in moat, if not in till, cuBtra, but more especitilly mnrked, 
perhaps, in &, 6, t, 8. 10, 1 1, and 13. As a rule, the more highly 
acid the urine (normal acidity), the more shiLrp will be the reac- 
tion, and this corresponds nitli the oft-mentioiieil fact that these 
highly-sensitive tests give reactions with most urines of Iiigh 
8i)eciQc grayity. It is evident fi-om the above observations that 
our methods of testing for albumin in the urine, even with some 
of the older routine tests, need revision.' 

While, doubtless, it is desirable that we should possess testa 
fur albumin of somewhat greater sensitiveness than the old ami 
■hat crude method of boiling the urine, yet, after all, 
extreme delicacy of reaction ia altogether a matter of secondary 
consideration, as compared with accuracy, because, when the 
quantity of albumin in the urine is very uliijhl, resort must 
necessarily be had to other means than the presence of traces 
of albumin in the urine, in order to be able to establish a posi- 
tive diagnosis of reiial disease. Notwithstanding the aboye 
fkcts, much uunecesaary confusion and uncertainty In our 

> Hrdt of the never leiu for Hlbumln cill Tor the prevlnus ai' Id IS cation of 
tbe urine bj (ome »e\d. Thll Dcrpeearllj prcclpllAl«a the mucin of thr urine, 
If preient in eiceM, and the addltiuu of the reagent usnmily iulenitfl^a this 
nuclD reulioD. Now, It la well known that In ail iilghij-conoentrat^d urinca 
there li preaent a more or le«> oiceu o( muein, and it «(«mi Irreiiitible to con- 
clude that In this clau of testa the faint reactlou noted so commonl; In nrlnu 
of high specffli: gravity hi very oltea due to mucin ^rather than to minimal trace* 
of albumin. Auj' ai'ld will Ihua act with laueln unleas apeclal precaution! ba 
taken to prevent It. Ttie atmng: mineral acids, b; tbe conUKt method, becfuae 
diluted by the strata of urine ttiar Ou plani of eonlari, and thU dilution permlla i 
precipitation of the mucin, if present in eiceaa. The vegetable adds need no 
dilution, but throw out mudn at once, either when mixed with the urine or upon 
contact. In Ihe latter case al the poM of eonlaci. For ibcw reuons the author has, 
from long; experience, come to be somewliat ■usplclous of tests Tor albumin which 
require previous acldlflcatluD of tbe urine, when searching for mtunte fntow of 
ttBtimin. If wc wish to avoid the mucin reactlou, It can only be done in the pres- 
ence of albumin preclpitanla, by first charging the urine with some aatt that pre- 
Tents precipitation of the mucin ; and while tbe albumin precipitant may thus 
act If mingled witb the urine, by previous acldlUcatlon of ihe urine It usually 
only intenslfles the muvin reaction. 



ABNOEMAI, CONSTITtlENTB OP URINE. 1 9 

present metliods liave been caused by the multiplication of 
tests for albiiinin in the urine nliose cliief claim for recognition 
is that of great senalLiveiiess of reaction rather tlian tliat of 
trustworthiness. On the other liand,it is not ibe newer methods 
that are alone responsible fornll tlie errors that are encountered 
in aearchiug for albumin in the urine. Indeed, the very oldest 
method in use, — that with heat and nitric acid, — unTortunately, 
requires precautions and corrections so perplexing, in order to 
be absolutely reliable, that authors themselves ure by no means 
agreed as to the safest method of its application. 

18. Tests in Paper Form. — According to the suggestion of 
Dr. George Oliver, of Harrogate,' a number of the testa named 
have been prepared and used in paper form. This is accom- 
plished by saturating chemicnlly inert filter] ng-papor with solu- 
tions of the albumin reagents, and with citric acid and then 
drying. The papers are then cut Into slips of convenient size 
for testing, and may be carried about in the pocket-case for use 
at the bedside of the patient. In testing, the following method 
is followed : Into a small tcstrtiibe contaiuing one drachm of dis- 
tilled water are dropped a reagent paper and one charged with 
citric acid. After agitation for a minute or so the test-pnpers 
are removed and tlie solution is ready fur testing. The urine is 
now added, and the test may be conducted either by a mixture 
of the two or by the contact method, of which Dr. Oliver advises 
the latter. 

Dr. Oliver now advises the use of two reagents only for al- 
bumin, viz.^the ferrocyanic and potassio-mercnric papers. The 
former of these will be found trustworthy, and of very great 
convenience in clinical work in the hospital wards or at the 
bedside, if applied in accordance with the principles laid down 
by the author in using the ferrocyaiiide test, i.e., by using the 
reagent first and the acid last. 

Method of Testing for Albumin in the Urine.— If the quantity 
of albuniin in the urine be large, the use of any of the first four 
teats described will unmistakably reveal its presence. It is only 
larching for the smaller ()uantities of albumin that errors are 
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likely to be encountered in testing ; since a Duml>er of substanct 
are often preseot in tlie urine wLicli may give precipitates strong 
resemUiiig tlioae due to albntnin in small amounts. 

In searcUing for albumin in tlie urine a teat sliould be select 
for routine work wbicli is trustworthy, ready of application, 1 
quiring the fewest possiljle precautions, and possessing reasoi 
able delicacy of reactiuii. In these respects, No. 4, — the fern 
cyanic test, — is the most desirable in tlie list described. This 
test is recommended for routine work because it requires the 
fewest precautions, while in point of delicacy it is at least equal 
to nitric acid or heat, in whatever form applied. This test gives 
no reaction with peptone, mucin, the vegetable alkaloids, urates, 
or the pine acids, while it sharply reacts with all modifications 
of albumin, whether acid or alkaline.' 

It Ims been stated that the ferrocyauic test occasionally pre- 
cipitates the urates of the urine as a source of error. The author 
has used the test daily for over ten years without meeting such 
reaction. Those who still prefer to work with the old method of 
heat and acid will do well, when dealing with mvmle quanlitiea of 
albumin, to follow the course advised in No. 2, thereby avoiding 
the possible mucin reaction. 

Test No. 3, Heller's nitric-acid method, is one of considerable 
delicacy. It will, however, precipitate mucin, which slowly 
settles down to the point of contact between the two fluids; and 
when it is remembered tliat in the presence of minute quantities 
of albumin it requires twenty or thirty minutes to bring out the 
latter, it will be seen that there is no certain method of distiii- 
guisbing between the two. The same may be said with refer- 
ence to its behavior with urates, save that the latter may be made 
to disappear by beat. 

> Over ten yran sincp, the sathor clilmed (Joum&l of tfae Amerlcui Mfllkal 
AxBOcIatlan, Januarf 19, 16St) tliat tbu rerrocjratilc tot fur albunilii wiu tbe 
mrait reudy aud trlistwiirlhy of Ihc lUt. Again, In 18S6, ths author wrote 
(Brf)[ht'BDtoea»eBHd Alllod Affectlonjuirthe Kidneys, p. 43) : "Subsequcul iiae 
hu shown me that thia test la the least liable to errors of alt tests for albumin In 
tbo urtiic, If properly apptled." The fsct tbst within the paat D«e years tlie 
fttTocysnlc test has been given the preference In many of tbe leading laborato- 
rlM and clinica In Contlueutnl Eurnpe over all otbert only coDBrms the author's 
Ttewa both tben and now. 
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Finally, in eearcliing for albiiinin in tlie urine, it is aometimea 
useful to bave h teat o( extreme delicacy oT reaction purely for 
negative purposes. AssiicL, tlie putassio-inercuric iodide solu- 
tion is probnbly tlie luost deeirable. I T, for instance, no reaction 
be obtained by tbis rengent, it is certain tliat no albumin wbat- 
ever is present in tbe urine; and, I'll itbermore, the uiiue is abso- 
lutely free from all known proteida. The author strongly (id- 
vises the Tuture disuse of all albumin tests, from No, 6 to No. U 
inclusive, for clinical purposes, — save for negative or differential ' 
information, — for his experience hiis shown bim that tliey nre 
undonbtedly misleHiling and nnltustwortby. 

Dfitemiinalion of Albumin in the Urine. — The quantity of 
albumin in the urine is most accurntelj- determined by the 
"Gravimetric Metbod." as follows: 100 cubic centimetres of tbe 
nrine are treated with a mixture of equal |>arts of ferrocyanie 
solution (saturated) umi acetic acid, vliicb is added drop by 
drop until all tbe nibtiinin is preci])itated, aller wbich tlie fluid is 
pnssed through n filter of known weiglit. Tbe precipitate on the 
filter is next washed successively with water, nicoliol, and ether, 
and dried at a teiiijieraUire of 120^ G. Tbe filter, witli its con- 
tained albumin, is next weighed, and tbe difference in weigbt due 
to tbe preiMpitate is the weight of the albumin in 100 cubic 
centimetres of urine. 

The above process is altogether too tedious for clinical pur- 
poses, and moreover it is, strictly speaking, unnecessary. It 
serves no practical pnr|>ose to know the exact number of grains 
of albumin in a given specimen of urine, because tbe severity of 
tbe disease cannot be accurately gauged by sucli knowledge. 
Ou the otber band, it is of great practical utility to be able to 
estimate the relative quantibj of alliuniin in the urine from day 
to day, in order to lje able to determine tlie progress of tbe dis- 
ease and the results of treatment. 

It is muob to be regretted that we possess no standard method 
of expressing the quantity of albumin in the urine, in conse- 
quence of wbich, as Dr. Tyson correctly observes, "There is 
tonob carelessness of exprL-ssion among piiysicians in speaking 
of the quantity of albumin found in a given specimen of nrine." 
TliuB, bulk measure by precipitation is often spoken of as per- 
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centage amount, and lience we ofleii hear of urines containing^^^l 


60 ami e 


en 75 per cent, of ftlbumin, when, as a matter of taOt^^^^M 


tlie uriue 


never contains to exeeed 3 or 4 per cent, by RCtUil^^^^l 




welglit. The e\pvest8ion,percenlage,thenTon^^^^M 
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B Bituuki Iw qiialllied hy the etuteiiient of tlt^^^H 
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■ measurement, whether it be by bulk or weight ^^^| 
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H K«back'8 ^m^lod.~'l'lm test is made Il^^^H 
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II means of a stunilaril gnultmleil ^lasa ttilte oi^^^^| 
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m albnmLnoiueter, as ttbown in the figure. Thl^^^^H 




if' 


■ process is as IqIIuws: The Collowiiig stand ar4^^^^| 






" solution is prepared: Picric iicid, 10 griimmc8;^^^| 






line add. 20 gmmmes; distilled water.to lOOft^^H 
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-1 1 luUii' eenlinietix-s (1 lltrt.')- Fill the albumi*^^^| 
uonieter tube with the iirlue to tlic letter U, theil^^^^J 
iidd the test sobition to R, olose tlie tube witil)^^^| 
the stopper and invert eeteral times, until tli«^^^| 
urine and the test solution are tboronghly^^^^ 
mixed. Stund the tube in a rack Tor tweuty>^^^| 
four bouts and then read off the nnmber 0^^^^^| 
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grammes of alluimin to the litre, ns will be^^^^| 
indicated by the niiiuher on the side of tb^^^H 
tube on a level where the albumin settles. If'^^^l 
it be desired to know the pei'centnge ora1biimia<^^^H 






in the mine instead of the number oT gmmmea^^^^H 






per litre, remove the decimal point one figure to'^^^J 






tbc lea; thus b grammes per litre would be 0-&S^^H 






per ceiit. of albumin. It will be observed tbafc.^^^J 




^i 


Eelmch^s atbnmiiiometer tubes are so graduated ^^^H 
that their highest rnnge is 7 grnnuneB per litre, ^^^H 








0.7 per cent, of nlburain. If, therefore, the urine .^^H 


\^ 


be highly albuminous, it should be diluted with ^^M 




■lACH-H °"^ "'" *'^° volumes of water before testing, and ^^H 


ALBDJlTso 


MrcKR. the product multiplied by two or three, accord- '^^^H 




ing as the volinne is doul>Ied or trebled. These ^^H 


albumiiio 


meter tubes are supplied by Eimer & Amend, of Third ^^| 


Avenue, 


Vcw York, at moderxte cost. ^^M 


In or 


der to get immediate results the author places IhcMi^^H 


,11.11 IllillO 


neter tubes in the centrifugnl mncbine, when the albi|*^^^H 
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min is preci pi luted in three or four minutes. It is found tbat, 
as aooii lis the albumin settles so Hint the fliiiil alxive is clear 
by centrifugatioti, tbe instrument rends pmcticnily the anme as 
standing for twentj-fniir lioiirs. Centrifugntioii is also found to 
possess tbe following advautuges: It obviates tlje occasional 
fiiiUire of the albumin to settle in tbe bottom of the tiilie ; tbe 
si>ecitie gravity of tbe luiue does not tnaterially influence the 
nniform settling of the albuminous sediment. 

The Author"* Centrifugal Method.— V/hh tbe author's elec- 
tric centrifuge tbis melliod can Ite carried out very rapidly 
(witbin nve niiiintes), and tlie results are all tbat arc desirable 
for prnetical purposes. Process: Tbe percentage tubes (see p. 
64) are Slled to tbe 1 0-cubic-ce nti metre mark witli the uHue to he 
tested, and 8^ cubic centimetres of potassium-ferrocyanide solu- 
tion (1 in 10) are added; 1^ cubic centimetres of acetic acid are 
next adde<l, and tbe reagents and urine arc tliorou^jbly mingled 
by closing and Huveral times inverting the tubes. The tubes are 
next placed iu tbe centrifuge and revolved until all tbe albumin 
lias settled, leaving tlie fluid above perfectly clear. Tbe bulk 
percentage of albumin is tlien read off, eacb ^ cubic centimetre 
representing 1 per cent, bulk measure of alliumin. 

Esbncb's metliod is supiwsed tn measure the amount of dry 
ftlbumin by weight, but, unfortunately, Rabacli's reagent (picric 
acid) throws out and nieasurcs peptones, mucin, the proteoses, 
■n<l practically all the protcids of the nrine, and, therefore, the 
author finds tbat it is subject to almost constiuit and wide 
errors. 

The author's centrifugal method, on the other hand, throws 
ont and measures all the albumin, and practically nothing else. 
In caiTyiug out the centrifugal metliod it will be fouud neces- 
sary, if tbe urine be very highly albuminous, to dilute with one 
or two volumes of water, and multiply the result, accordingly, 
by two or three. 

In taking tbe measurement of albumin by the ccntrirugal 
method the following rule should be observed, to insure uniform 
results ; Leave the percentage lubes in the centrifuge until all the 
aOntmin is fully precipitated and the urine above it perfectly 
eltar,then read the amount. This melltod quickly and definitely 
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determines the amounts of albiimiii in the urine Troni day toM 
day, and more minutely meaaurea the degree of increase on 
dimiuiition than is possilile with EsbacU'a method, because tlld 
unit of Esbauh's albuminometer ia 1 gramme, which, if mcnsuredl 
by the author's jierceiilagc lubes, would eurrespoud to nearly I8a 
percent, (or 18 units). ■ 

PAOTEOSCe. ■ 

These substances are the intermediate products in the hydrkj 
lion of proteids, tlie Bnal products Irein^r peptones. In tlwf 
body they are formed liy the action of the gastric and [wncreatio I 
juices, and they may be formed artificially by heating albumin 1 
with water, — more readily by dibite mineiiiiacida or sulphuretted J 
steam. They correspond Co the propeptone of Schmidl-Mullieioi(-J 
and to tiie A-p^ptoue of Meissner. They are uncoagulable byfl 
heat, are precipitated but not coagulated by alcohol; they kill 
respond to the biuret reaction, and are precipitated by nitriftfl 
acid, the precipitate thus formed Iieing dissolve<l by heat, but J 
re-np|>Garing upon cooling. I 

These substances may be subdivided into albnmoses, globu- 1 
loses, vitelloses, caseoses, niyoscnoses, depending npon the pro- 
tcid from which they are formed. The albuuioses and globulosea ] 
are absent from normal urine, but appear in the urine under a J 
number of abnormal conditions. 1 

Albumosuris. — The albnmoses arc of two varieties: hemi- I 
aUmmoses, or those convertible by fmthcr digestive action into 
hemi-peplone, and anli^lbumoses, or those similarly converted 
into anli-peplone. Albnmoses Jiave also Ifcen classed according 
to their solubilities, as follows : (o) rroto-alhumose ; soluble in 
cold and hot water, and in saline solutions. They are precipi- ] 
tnted as are globulins, by saturation with sodium chloride aud | 
magnesium sulphate, (h) Ilutero-albuinose; insolnblein water; 
soluble ill 0.5 to 15 per cent, sodium-chloride solutions in the 
cold, but precipitable by heat at 65'^ C, the precipitate Iwing 
readily soluble in dihite acid or alkali. It is precipitated by 
alcohol as is other albumosos, but, unlike them, it is partly con- 
verted into an insoluble dys-alhumose. Hctero-albumoae is pre- 
cipitated by dialyzing out the salines from its solutions, and, 
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like proto-albumose, it is precipitiited by satui-aliuii willi saliuea. 
Pi'oto- and betero- albumoaes constitute tbu Gist producte or 
tbe Lydration of proteids, aud liave lietiue been onlled primary 
albumoses. (c) Deutero-iilbiiuiose is soluble in cold and hot 
water, ia not precipitated from its solutioiia by saturation with 
sodium chloride or lungtieBium Bnl|>liate, but it is precipitated by 
strong soliitiona of aninioiiiitm sulpimte. It is not precipitated 
by copijer sulphate, and only gives the nitric-acid reaction (char- 
ncteriatic of aibumoses) in the presence of excess of saline. It 
is therefore, in reactions, nearest to peptones of the albumoses ; it 
ie an intermediate stage in the conversion of primary albnmoses 
into peptone. 

Clinical Significance. — Albumose, like peptone, ia fonnd in 
pus ; but, unlike tbe latter, it is also present in the blood, most 
notably so during digestion. An albumose was first iliscovered 
in tbe urine by Bence Jones in n cnse of osteomalacia, and in a 
like case since by Kiihn. Virchow has found tiiis albumose in 
the medulla of bones in osteomalacia, while Fleischer found it 
in the medulla of normal bone. Seiiiitor has found lUbumoses 
in a number of cases in the urine, — viz., teitiary sypliilis, hemi- 
plegia, double pneumonia, diphtbcrin, carcinoma, and muscular 
Atrophy. Hoppe-Scyler has found it in a number of cases of 
atrophy of the kidneys, Lassar bns found it in the urine of 
people rubbed with petroleum, while Oertel has met with it in 
a few cases after severe exertion. Albumose and peptone are 
both found in the urine of animals when injected into their cir- 
culation. Deutero-albumose so closely resembles peptone in its 
reactions thnt it is often mistaken for the latter substance. Its 
distinction from i)eptone will be considered in connection with 
peptonuria. Tbe clinical significance of albumosuria, so far as 
our present knowledge extends, is very indefinite ; so that prac- 
tical conclusions in connection with its presence in the urine are 
aa yet lacking. In the few diseases in which it has been noted, 
its appearance, under similar circumstances, has subsequently 
been found inconstant. 

Detection. — The proteoses are known by their solubilities 
and reactions, as follows: Proteo-nlbumose,so\»U\e in both hot 
and cold water, in both hot and cold saline solution (10 per cent. 
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NaCl). is precipiluU-d with sti'oiig solutions of sodiiira clilort 
and maguesium sulgilinte ; ulsa by saturated solution ur Aui,! 
is precipitated by nitiio auid in llie cold ; not soluble on lieiitin] 
or only sligblly so ; it is preui|>itated by copper sulphate. 

Helero-albumoge, iDsolaHe in Lot and cokl water, is precipi* 
tated by dinljais Troni saline sohitiona ; soluble in both Lot mid 
cold solutions of sodium cliloi'ide of 10-per-cent. slrengtb, — 
I.e., is partly precipitated, but not coaguluted, on heating to 
65° C. ; is precipitated by snturation vritli sodium chloride or 
magnesium sulphate; also with saturated nnimonium sulpliutu; 
and is precipitated by nitric acid in the cold, the precipitate 
being dissolved with heat mid re-appearing on cooling. 

Deutero-albiimOBe is soluble in hot and cold water; soluble 
in liot and cold solntions of sodium chloride of 10-per-cent. 
strength ; is not precijritaled by saturation with sodium chloride 
or magnesium sulphate, but is precipitated by saturation with 
ammonium sulphate; while with nitric acid it is only precipi- 
tated iu the presence of excess of salt. 

Peptondria. 

Peptones are best known as the final products of gastric and 
pancreatic digestion. They are also products of retrogressive 
changes in albuminoids and of the corpuscular elements of the 
blood, and as such assume importance in their olinicnl relations. 
It Las just been stated that peptones are the final products 
of gastric and pancreatic digestion. If liydration were con- 
tinued a step farther, peptone would be split up into simpler 
substances, and would no longer constitute a proteid. Pe]> 
tones are soluble iu water, uncoagulable by heat, and are not 
precipitated by nitric acid, copper sulphate, ammonium sul- 
phate, potassium ferrocyanide, and a number of other pre- 
cipitants of proteida. Tliey are precipitated by tannin, potassio- 
mercuric iodide, pliosphoinolybdic acid, phosphotungstic acid, 
and picric acid. 

Peptones are divisible into two forms: (a) Hemipeplone, 
which by further action of tlie pancreatic juice is split up into 
leucin and tyrosin and audi simpler products. (6) Antipeptone, 
which is not decomposed further by pancreatic Juice. It, fur- 
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thermore, does nut yield tyioein oii ti-eutmeut witli sulphuric 
&L'iil, and does nut re»i>oi]d tu Milloii's reugeiiL. 

Botli forms of jjeptone are reiidily diflnsibie tliioiigli animal 
meiiibruuee, lUbutaoses being only eligUtly so, and nlbumin not 
Bo at all, under ordinary circumstances. Tbe pe|)toueB itre not 
precipitated by anturution with ainmouiuui sulphate, in which 
respect they differ from albumoaes. 

Clinical Significance. — Peptone is absent from normul urine, 
but hiis been described in the urine in connection with nnuieroua 
pathological conditions. Since the recent publication of Knhn 
aud Chittenden's work on proteoses tind peptones, it has been 
made evident that many of the cases formerly described as ytep- 
touuria were, in reality, albumosuria, the real proteid present 
being deutero-proteose, and, therefore, mneh of our supposeil 
knowledge of peptonuria needs revision. 

Peptonuria has been frequently described as associated with 
the following conditions r In phosphorus poisoning, in suppura- 
Uve diseases, in croupous pneumonia, acute rheumntisui, typhoid 
fever, typluis, Bm:dl-pos, scarlet fever, mumps, tuherciilosis, ery- 
sipelas, empyema, c:incer of the viscera (notably of the liver and 
intestines), catarrhal jaundice, ajmplexy, etc. The local — some- 
times termed the pyogenic — causes seem to he connected with 
resorption of exudations so situated as to favor the products of 
disorganizalton — the peptone constituent of leucocytes — being 
absorbed into the circulation, from whence it is eliminated by 
the kidneys. This form of peptonuria is met with in the declin- 
ing stages of pneumonia, in purulent pleuritis, suppurating 
tuberculosis, chronic bronchial catarrh, psoas abscess, purulent 
meningitis, and acute articular rheumatiBra. 

In acute infliimmatory affections the appearance of pep- 
tonuria may be taken as an evidence that BU]>purative changes 
have l>een estohlished, other known causes of peptonuria being 
excluded. Jnkach insists that, as a menus of distinguishing 
between tubercular and epidemic cerehro-spinal meningitis, 
peptonuria is of crucial significance, being absent in the former 
Aiid clmraclerietic of tlic latter. In tliis connection, however, 
ulcerative changes in the lungs must t>e excluded to render this 
sign trustworthy. 
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Ill like muiiuer, peptonuria ap|iearing as is usual in septi- 
Cffiiniu iiia^' SL'i'vu to iliatiugiiisU it from liitenl diBseniinated 
Barcoiuu when, as ortcn hap[)enB, llie clinical sj-niplunis are Very I 
similar, lu short, Maixner has declared it the law that (leptone 
is alwaj's present in the urine when pus is Torniing in the 
organism. 

In addition to tlie pyogenic causes of peptonuria, extensive 
destruction oT the corpuscular ult-'iiiL'tits of the blood aeems to 
oonatltnte a prominent cause, and hence the frequent apt>earance 
of peptonuria in acute infectious diseases and toxic conditions 
already enumerated. 

Peptonuria also arises from a few additiunnl causes. It is 
almost invariably aBaociAte<l with cancer of the liver, and this ' 
fact lias led Pecancowski to the conclusion tliat the liver in 
health is concerned in the conversion of peptone into albumin. 
Maixner has shown tliat in ulceration of the intestines the 
peptic products of the stomach pass directly into the blood 
through the ulcerated surfaces, and give rise to peptonuria. 
Then, ugain, we have puerperal peptonuria, Fischel having 
shown Ihjit peptone is a normul constituent of tlie urine in the 
puerperal condition. Finally, when injected into the blood, 
peptone quickly apiwnrs in the urine. 

Detection. — Peptone may be recognized by the following . 
method: Siiturate the iiriue (slightly acidified first with acetic 
acid) with ammonium sutpliate, and filter out ajiy precipitate 
formed whicli may consist of albumin, globulin, proto-albumose, 
hetero-aUiumose, or deutero-albiimose. Any proteid remaining 
may be precipitated by potassio-mercurlc iodide or picric acid, 
and c.tn only be i)eptone. This is, in fnct, the only certain 
method of identiHcntion of peptone. 

Differentiation. — Since peptone nnd deutcro-albnmose so 
closely resemble each other in reactions, it is well to be able 
to distinguisli them, more particularly since the freqiienoy with 
which they have been confounded has undoubtedly led to 
numerous clinical errors, Halliburton contrasts them as fol- 
lows : — 
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lespects tliese two subBlnuces, as far as known, 
lieliave similarly'. 

Recent rescnrches by Knliii* Iiave sLoirn tbat, in order to 
etr«(.-t complete ttepnration oT iLe albiiniosea from jieptAes, tUe 
inixluie uoiitaiiiing these siilistanecs should be saturated whilst 
builiiiy with ainmoniniu siilpliate. Fiiitliei'more, a single aiilu- 
mtion with awmonium aulphnte slionhl not be depeniled upon 
to remove till tlie dentcro-tilbunioBe, but Katuititiun slionld be 
repeated till prueijiitatioii no longer occura. 

Olobulindbia. 

Globniiii ia insoluble in wtit^r, but dtasolvea in dilute neutral 
Bnlt solnlions. Prom these solutions it is precipitated by siif- 
ficient dilution with water, ami on heating it congulates. Qlobu- 
lin tlisBolves in water on the addition of very little acid or alliali, 
and on neutriiliziiig the solvent it re-precipitates. Solutions ot 
globulin in a minimum amoimt or alkali are preeipitated by 
I precipitnte niny be dissolved by excess 
intral soliitioux of globulin contaiuing 
Baits ni-e precipitated on saturaLion with sodium chloride and 
magnesium sulphate at normal tent|>eratures. Normal nrine is 
fVce from globulin, but tliis proteid appears in the urine in a 
nuRilier of pathologienl conditions. 

Clinical Signiflcanoe. — Ololmlinnria is nearly nlwaya asso. 
oiftted wilh :iMiiiniiiiui'ia, And, indeed, globulin may gre.itly ex- 
ceed the quantity of ulbumin present in some cnses. although the 
proportion of globulin in the blood is only as 1 to nibnmin 1.5. 
Globulin is, however, a more dillusible form of ptoteid than 
Albumin, which may account for its proportional excess in the 
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urine at times. From llie fnct already stated, tbnt glubulin 
nenrly always associHted with albiiiuiu iu tlie uviiie, its clinioAl | 
fltguiGcHiice ia uearty identical witli tljat of albuiuiiiiina. I 
fevf eases, however, its presence iu tlie urine seems to imply a 
special Biguiflcance. Thus, globulin is noted in unusual quunti- 
ties in tlie urine iu catarrlial inflamuiatious of tlie bladder, iu 
aeiite nephritis, ami especially in amyloid degeneration of tbe 
kidneys. The same is said to be tbe case in albuiniiiuria asso- 
ciated witb digestive disordurs. On tU^ otber band, iu cbronio 
Brigbt's iliaeaae globulin is said to be preseut iu very small 
amount, ov even at times aliaeiit. 

Detection, — 1. Exactly neutralize tbe urine, filter, and treat 
witb magnesium sulphate in BUbstauee until it be eouipletcly satu- 
rated at an ordinary tem|>erature, or witb a saturated solution of 
ammoniiini sutphatc. In both oases a white precipitate is Tormed 
if globulin be pi-esent. In using ammoninm sulphate with urines 
rich iu urates, precipitation of nmmonium urate may appear. 
These, however, do uot immediately !ip|)enr, but only aflei' some 
time, auci tUey may thus be distinguished from the globulin pre- 
cipitate. 

In detecting serum-albumin in the same urine, heat the fil- 
trate after precipitation of the giobulin to boiling, after the 
addition of a few drops of acetic acid. 

3. Olobulin fulls out of solution when tbe urine !b diluted 
until the specific gravity is about 1002, and upon the above fact 
Rol^erts suggested tbe following simple test: Fill n wineglass 
or tost-tube witb water and let fall into it several drops of albu- 
minous uriue. If globulin be present in any qunntity, each drop 
as it falls is followed by a milky streak, and when a number of 
drops have been added tbe water assumes a milky opalescence 
throughout. Tbe addition of acetic acid causes the opalescence 
to disap[>ear. 

Determination. — The separate determination of globulin and 
albumin may lie nccomplisbed by carefully neutralizing tbe urine 
and precipitating with maguesium sulphate added to saturation, 
or by simply adding an equal volume of saturated solution 
(uentral) of aniuionium sulphate. The precipitated globulin is 
thorougblj' washed with saturated magnesium sulpbate, or half 
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flatumted iiiniuoiiiuiu-sulpliate solution, dried at IIU'^ C, boiled 
witli nater, extiiicted with alooliol and etber; then dried, weighed, 
and aabed ; then weighed agniu, and the weight is the amount or 
globuliD. 

DirFBBENTIAI. TesTINO. 

Serum-albumin, acrura-globiilin, Letero-proteose, deiitero-pro- 

teose, and peptone nitty all be present iu the urine simultaneously. 

' Tliis is very unusual, but in doubtful cases the only certain 

method is to test for each one in the list. The best metliod of 

doing this is that proposed by Halliburton, as Tullows : — 

1. If the urine give no precipitate on boiling after acidulation, 
albumin and globulin are absent. If a precipitate occur, albu- 
min or globulin, or both, are present. 

2. If the urine after neutralization give no precipitate on 
saturation with magnesium nulpbiite. globulin and hetero- proteose 
are absent. If such precipitate occur, one or the otiier is present. 

3. If the urine be aatuiiited with ammuniuro sulphiitc and 
flltered, and the filtrate gives no xanthoproteic or biuret reaction 
(a large excess of potash must always be added), peptone is 
absent. 

*. If the urine give no precipitate on boiling after acidu- 
lation, no precipitate with nitric acid, and no precipitate on 
adding ammonium sulpliate to saturation, peptone can be the 
only proteid present. Confirm this by tlie biuret reaction, 

5. If all proteids are present, they may be separated as fol- 
lows : — 

Saturate the urine (faintly acidified with acetic acid) with 
ammonium sulphate. A precipitate is produced. Filter. 

(rl) PRECIP1T*TB. I (6) Pn.T«lTS, 

Contains Blljamtn, globulin, bctero- Conlalns peptone. 

■od ilcuti^ro- proleuse. | 

Collect the precipitate on a filter, wash it with saturated soln- 
tiou of nmmonium sulphate, and redissolvc it by adding a small 
quantity of water. To this solution add ten times its volume of 
alcoliol ; a precipitate is formed ; collect this, and let it stand in 
tlbsolutc alcohol for from seven to fourteen days. Then filter off 
the alcohol, dry the precipitate at 40° C, extract with water and 
filler. An insoluble residue is left. 
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(6) Extract. 
TbU iMiiMlliB Uie proteons Id wln- 



(a) Kehlul'b. 
Ttala coimleU or albumin and globu- 
lin co«gulatpcl by alcohol. | lion. 

He tero- proteose is precipitnted by heating the golution to 
65° C, or by saltirating a portion of tbe extract with magnesium 
sulphate, Deutero-proteose remains in solution. 

Take another portion of the urine, neutralize it, and snturate 
with magnesium sulphate. A precipitate is produced. Filter. 



(n) PnECIPITATE. 

Tliii cODBiats of jrlobulln and bclcro- 
proteose, wlik'li iiin.v be BrparattMl b)' 
the prolonged us« of alcoLol, a» ubore. 



(b) FtLIKATB. 
Tills couUtng albumin, dculpro-pro. 
tcosc, and peptoue. Add akohol, aa 
above; albnmlu In rrudered, In aeveti 
claj«, insoluble In walcr. The deutiTo- 
proteosD and peptone are soluble, and 
may Lben be separated by aininonluni 
sulphate. 

The reactions of the several prnteids in tbe urine already con- 
sidered may he seen at a glance in the following table, after 
Halliburton. (See next page.) 

H^MOaLOBINUniA. 

Heemoglohin, tlie red pigment of the blood, is a somewhat 
remarkable compound in that it contains iron, is intimately nsso- 
oiiited with n prwteid, and gives the proteid reaction ; it is hence 
non.dilTiisiblc, but yet is crystalline. It exists in the blood in 
two conditions, — in arterial blood it is termed oxyliieraogtobin, 
being charged witli oxygen ; in venous blood it is deoxygennted 
or reduced heemoglobin. Hiemoglobin belongs to the group of 
blood-proteids.wbich yields splitting products and small amounts 
of volatile fatty acids with alwnt 9C per cent, albumin and about 
i jier cent, hwmochromogcn, containing iron, which, in the prea- 
onco of oxygen, is readily oxidized into liieniatin. Hiemoglobin 
preimred from different kinds of blood has not always the same 
constitution, indicating the probable presence of different liamo- 
globina. Tliia is fmther shown by t lie facts that different kinds of 
blood also differ in solubility and crystalline form, and possess a 
varying quantity of water of crystallization. 

The Clinical Signinoanoe, — The blood-pigment, bremoglobin, 
sometimes appears in the urine without the appearance of any 
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corpnsclea associated tlierewitb, as was first sliowii by Pavj-. 
This is alwnya tlie result of tbe destiiiction of tlie blooJ-coi-- 
pDsctea ill tlic circulating stream. The bsmoglobiti tliiis tibei'ated 
is tbrowii out by tlie kiilneys ami ajipears in the urine, Tbis may 
l>e produced by injection into tite civcidation of substances wbicU 
act as solvents of tbe corjmBclcB, siieb as glycerin, solutions of 
tbe bile-salts, distilled water, and tUe injection of tlie blood of 
one animal into another. Similar results follow in cases of 
poisoning with arseniuretted hydrogen ; hydrochloric, siilpbnric, 
carbolic, and pyrogallic acids ; pliostiliorns, and poUtssimn chlo- 
rate. In certain diseases, notably pya;mia, typlins, scurvy, fat- 
embolism, in some casus of jaundice, and after extensive burns, 
bffimoglobiuuria often results. The moat interesting and markt^d 
pathological condition in which bieniogloliin appears in tbe 
urine is the disease liuown as paroii/ismal hxmodlobinuria, wbicli 
will form tbe subject of special consideration iu a subsequent 
sectiou of tliis work. 

Detection. — 1. Solutions of hemoglobin may be determined 
by spectroscopic examination with great precision. Tbey 
strongly alisorb tbe rays lying between (7 and D. In a proper 
dilution tlie solution sliows a Bpectrnni with one broad, not 
sharply-detlned iHtnd between D and F. This band does not lie 
in the middle, between D and E, but is towanl tlio rod end of 
the 8|)ectruin, a little over the line D. 

2. Qaaiaeum I'esf. — Mix in a test-tube equal volumes of 
tiucture of guaiacum and oUl turpentine which has become 
strongly ozonized by tlie action of air under the influence of 
ligbt. To tbis mixture, which must not have any blue color, add 
tbe urine to be tested. In the presence of htemogtobin, first a 
bluish green, and then a beautiful blue ring appears where tbe 
two liquids meet. On sliaking, the mixture becomes blue. Nor- 
mal urine, and albuminous urine, do not give this reaction. 
Urine containing pus also gives a blue color with the above re- 
agents; but in tbis case the tincture of guaiacum alone, without 
the tur|)entine, is colored blue by the urine. The blue color 
proluced by pus differs from that produced by hteinoglobin by 
disappearing on heating the urine to tlie boiling-point. 

Urines, if alkaline from decomposition, must first l>e mads 
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faintly acid before nppljing tbis teat. Tbe turpentine should tw 
kept exposed to tlit- liglit, while tlie giiuiacuin eliould be kept ill 
a dark-glass liottle. 

3. JJeller^ Teal — ITa iieutml or faintly-acid uritiecontaining 
liKOioglobin be lieuled to boiling, tbere is obtained a mutlled 
lirecipitate of ulbiiinin and biciuutin. If caustio sodium be atlded 
to the boiliug-bot test, tbe liquid liecouies clear ami turns greeu 
when examined in tbin layers, and a red precipitate, appearing 
t;reen by reflected liglit, re-forms, which consists of earthy phoa- 
pliates and hteuiutiii. 

FlBRI NUBIA. 

Fibrin is a wbitish, stringy solid when fresh, but upon 
drying it becomes of a grnyisU color. It is feebly soluble in 
6-pervent. solutions of potasainni nitrate, in 5- to 15-per-cent. 
solutions of sodium chloride, in 5- to 10-per-cent. solutions of 
magnesium sulpiiate; and in solnlions of other neutral salts, 
such as sodium sulphate and aminoninm snlpltate, most readily 
at a, temperature of 40'-' C. It is insoluble in water, alcohol, and 
ether. It swells up in weak hydrochloric-acid solutions (0.2 per 
cent.), and also in caustic sodium or [wtossium solutions (0.3 per 
cent.), into a gelatinous mass. Stronger acids slowly disaolv« 
flbriii with tbe formation of acid albumin (syntouin) and albu- 
moses. 

Digestive ferments act readily on fibrin. Thus, pepsin in an 
acid aolntion and trj'psin (from tiie pancreas) in an alkaline 
solution canse, in the first place, a splitting up of tbe fibrin into 
two globulins, one coagnlating at 6C° C, the other at 75* C. 
Then tbe formation of albumoses anil peptones follows. 

Fibrin separates on tbe so-calleil spontaneous coagulation of 
the blood, lymph, and tranniidations. 

Clinical Signifioanoe.— Fibrin may appear in the urine from 
variouscauses, eillier in solution or in coagulated flakes or masses. 
In the urine fibrin constitutes tlie' basis of tbe so-called coagu- 
lable urine, wliich, upon standing some time, forms the fibrinous 
coftgnla. The quantity of fibrin present in tlio urine determines 
the extent of coagulation; sometimes only a sticky sediment 
forms at the bottoin of the vessel ; more rarely tbe coaguiatioi) 
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involves the whole volume or uriue, converting it into n sticky, 
gelntiiious mass. This form oT tlbriiiuria ia aeldom met with in 
the United States, but it occurs freqiienilj- as a spmal form of 
disease in Brazil and the Isle of France. 

Fibriiutria, as it occurs with us, uiiiforiuly indicnles that an 
exudation of fibrinous fluid — blood-pins ina — hiia gained access 
to some part ot tlie urinary tract. In most cases it comes fVom 
the kidneys, although it may result from intense inflammation 
of the lower nrinary passages. It is often associated with 
ha>morrhageB into the urinary tract, and it has been observed 
frequently in cases of villous tumors of the bladder. 

It is important to distinguish between lllirinuria and those 
cases of pyuria in whicli large quantities ol' pus are present in 
highly-alkaline urine. lu cystitis of long standing the ammo* 
ninm carbonate resulting ftom bacterial decomposition of the 
urine may form with pus a gelatinous, sticky mass, which may 
bo readily mistaken for fibrin coaguhini. Such a uriue, however, 
is thinned by the addition of water, and, moreover, if treated 
with acetic acid, a white precipitate falls, consisting of alkaline 
album in:itc. 

Detection. — The coagulum should be se[)nrate<l by (titration 
and washed with water, wlieu it will show the following char- 
acters : — 

1. It does not dissolve in water, but it swells up in I-per-oent. 
solutions of hydrochloric acid, and is only dissolved when pepsin 
is added. 

2. Separate the coagula from the urine liy filtration through 
fine muslin, and wash with cold water. Treat a part of the 
mass with dilute solution of sodium hydroxide; if insoluble 
upon long standing, the indication is that it ia fibrin, since nlbn- 
minons bodies dissolve in sodium-hydroxide solutions, Trent 
another portion of tlie mass with a 1-per-cent. solution of sodium 
carbonate. Fibrin dissolves completely in this solution if 
warmed gently several hours on a water-bnth. This solution is 
then filtered and treated with Hilton's reagent, when a deep-red 
color is produced. 
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MUCINVBIA. 

Mucin, being tlie essential constituent of mucuB, is, tLere- 
Tore, present iu nil urines, normal utid abnoimal; though in tUe 
urine of health the ainoiiiiC [uesent is so minute aa ordinarily to 
escape observation and elude ail lint the most delicate testing. 
Mucin is a proteid closely allied to the albumins, and may be 
made to yield albuniinntcs and albumoses by boiling with dilute 
mineral acids. It is mucin that gives to the saliva, bile, and 
synovial fluids their peculiar, ropy consistency. The genei-&l 
features of the formation of mucin bv mucous cells, and espe- 
cially the behavior ot the mucous granules in relation to the 
secretory activity of the submaxillary gland,' strongly indicate 
that mucin is derived from the true albumins; and, moreover, 
it yields many of the characteristics of proteids (Millon's and 
xanlhoprutE^ic reactions), and, as already noted, with mineral 
acids albuminates nmy be obtained. Our knowledge of mucin, 
however, as yet may be said to be in a somewhat transitional 
condition, since recent investigations render it proliable that 
mucins derived from different sources are distinct substances, as 
are the different forms of albumius. Notwithstanding these 
facta, nil mucins, from whatever source derived, possess certain 
features in common. — viz., they are non-coagulable by beat, 
soluble in alkalies and strong mineral acids. Tlicy are precipi- 
tated by strong alcohol onil organic acids, as well as by <]ilute 
mineral acids. The presence of mucin in the urine, when in 
excess, constitutes one of the most frequent sources of error 
in searching for small quantities of albumin, as already shown. 
{See testa for allunnin.) 

Clinical Signifloanoe. — Mucin occurs in the urine in in- 
creased quantity in catarrhal inflammations oT the urinary pass- 
ages, more especially of tbe bladder. In cystitis ami pyelitis 
the mucin in the urine is often very excessive, forming ropy, 
tenacious strings, and even sometimes settling in a jelly-like 
mass. Irritation of tbe urinary passages without inllamma- 
tion or the formation of pus often causes a notable increase of 
mucin in tbe nrine. An increase is also common in various 

> iMXglej, JDumKl or PhjBlologr, vol. X, 1889, p. t.SS. 



98 ANALYSIS or UUINB. 

febrile conditions, ns iiiieiimouiu, pleuritia, typlioid fever, inter- 
mittent fever, puinionary unit intestinal cnUirrbs. It is of B[>euiM 
interest to note, in tiiis conneotion, ns Rcissiier has pointed out, 
tlint in tbc beginning of the febrile slate mucin often appears 
in tile mine. A few days lutur nlbuiiiiu is often present; the 
latter usually disappears, after a longer or sLoiler time, while 
tUe mucin continues some days longer. Cases may be considered 
rare, according to ReissJier, in which notable quantities of mucin 
in the urine persist for many days, under febrile conditions, with- 
out the appearance of albnuin also. These facts should espe- 
cially be borne in mind in scnrlatina and the acute infectious 
fevers most often followed by nephritis, since, under sucL circum- 
stances, the presence of mucin in the urine iu marked qunntitles 
may serve to put tbe physician upon his gnanl against the 
approacli of serious coniplicntions involving the kidneys. 

Detection. — First dilute the uriue with water, partly to pre- 
vent precipitation of uric acid on the subsequent addition of 
acid, and mure es^iecinlly to diminish the solubility of mucin by 
the sodium chloride of the nrine. Next add an escess of acetic 
acid. The precipitate formed is muciu, and may be purified by 
dissolving in water, by tbe addition of a little alkali, and re- 
precipitating nith acetic acid. 

To distinguish between mucin nnd albumin in urine which 
gives proteid reactions, add to a oolunin of urine three inches in 
depth in an ordinary test-tube about I drachm of potassium- 
ferrocyanidc solution (1 in 20) ; after thorough mingling of 
these, add 10 to 15 drops of acetic acid. If precipitation occur, 
albumin, and not mucin, is present. Next test as deBcril>ed 
above for muciu, and in presence of precipitation mucin, and 
not albumin, is prcBeut. 
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The CArboliydrates resemble one niiotiier in tbeir chemical 
composition, iu nil contuiiiiiig 6 ntoms of cui'bou, or n iuulti|i1e 
thereof. Tliey hIso resemble one miotber in tbeir chemical char- 
acters, being neutral in reaction, nut prone lo enter into combi- 
nations, and, with tlie exception or inosite, they all possess a 
strong rotatory power over polarized light. 

A iinmber of car 1)0 hydrates are met frith in the urine, — viz., 
glucose, levnlose, liietoae, inosite, etc., — but tbe chief clinical 
interest with regard to this class of compounds at present 
belongs to grape-sugar. 

Oltcoburia. 

Grape-sugar, or dextrose, in its pure form crystallizes in 
rhombic tablets, is soluble in its own weight of w»ter, and givea 
A dextro-rotatory power over polarized light of = -|- 56° (Hop|>e- 
Seyler). Its solutions become brown when boiled with liquor 
polassie, but with picric acid a deep mahogany red. In alkaline 
solutions it reduces salts of silver, bismuth, mercury, and cop- 
per; with the Brst three tbe metal is precipitated, oupric being 
reduced to cuprous compounds, with separntiun of cuprous 
oxide. Faintly-alkaline solutions of grape-sugar, colored blue 
by indigo, when boiled exhibit a lieautiful color reaction, begin- 
ning with violet and ending in yellow. With solutions of sodium 
acetate it reduces plienylhydrazin hydrochloride to phenylglu- 
cosazonc, forming highly characteristic and beautiful, golden- 
yellow, aciculnr crystals, 

Qrape-sugar exists in minute quantity in normal blood, 
varying chiefly with the functional activity of the liver. In 
some abnormal states of tbe system the amount of sugar iu the 
blood becomes markedly increased, reaching its maximum — 
about i^g per cent. — in tlie more pronounced diabetic conditions. 

The ardently-disputed question if sugar be present in normal 
urine seems to have been conclusively settled in the aSlrmattve 
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tliiougL the resenrcLes of Wedenski (see Section II), although 1 
this is by no moans iiiiireraally concedeil. CUnioally speaking, 
this question U one uf minor importauce, eince, if sugtir be 
present iu duiiiiiiI urine, it exists in sudi exueeiHngly minute 
quantity that it is unreoognizttble by the ordiuary methods of 
testing, nnd such qiianlities give rise to no marked clinical 
Byniptoms. 

Clinics) Signifloanoe. — Olycosurin may appear as a temporary 
conditt'iii iu the course of a number of diseases, as cholera, 
intermittt-'iit fever, scarlaliua, gout, oerel*ro-«piual meningitis, 
diseases of the lungs, liver, and the biaiii, especially if involving 
the fourth veutricle or vicinity. The administration of certain 
drugs and toxic substnuces causes the appearance of sugar in the 
urine, such as curare, carbonic oxide, amyl nitrite, methyl. J 
delphittin, morphine, chloral, hydrocyanic acid, sulphuric acid^ I 
mercury, alcohol, strychnine, salicylic acid, turpentine, uranium^ 
nitrite, bejizbl, acetone, and pbloridzin. Recent investigation^ 
linve shown, however, in some of these cases, tlmt the toxic 
ftgent merely causes the apitearance of reducing agents' in the 
urine other thnu sugar. 

Qlycofturiii may be produced experimentally by various lesions, 
as follows : By puncture of the floor of the fourth ventricle of the 
brain; injury to the vermirorni processor the cereliellum; sec- 
tion of the spinal cord in diircreiit locations; destruction of 
various syuipatlietic ganglia; section of tlie splanchnic nerves; 
irritatiou of the vagus; section and stimulation of the central 
end of large motor nerves, as tlie sciatic; and by total extir- 
pation of the pancreas in dogs. In addition to these, experi- 
mental glycosuria may be induced by measures whioli cause 
increased determination of blood to the liver, ns by tying tlie 
accessory branch of the portal vein in animals, irritation of the 
liver by needle-punclurea, compression of tlie aorta, etc. 

Glycosuria in mihl form may occur from disorders of the 
Btomach, and, iu some cases, the overingestiou of starchj' and 
saccharine foods will cause the appearance of sugar in the urine, 

Glycosuria, however, of pronounced and persistent form 
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belongs to the province oT diubetes inellitiis, nnd may ntwayB be 
regariled ns BytnptoiiiAtic of grave defects either in tlie brnin, 
liver, or piincreas. In yuuiig subjects tlie diaeaso is almost uni- 
formly progressive toward a faliil teimiimtion in from a few 
montbs to four or Rve years, notnbly so with patients under 20 
years of age. During the middle )ieriod of life tlie disease is 
often less severe and less fsitnl. After tlie age of 50 it is often 
mild and ameiinble to treiiLment. Persistent glycosuria Is tlie 
most constant and certiiin of all the symptoms of diabetes 
mellitus, being, in fact, sometioics the only symptom of the 
disease, and herein lies its great value for diiignostic pur- 
poses. It, tlierefore, becomes highly essential to be able to 
readily detect the presence of sugar in tbe urine, since diag- 
nostic data of the most positive nature oflen hinges upon this 
point alone. 

Detection of Sugar in the Urine. — Tlie most popular method 
_of si!iirL-hing f^r sugar in the urine has, lieretofoi-e, been by 
means of tlic copper tests. These all depend upon the fact, 
already noted, that in strongly-alkaline solutions grape-sugar 
reduces cupric oxide to lower grades of oxidation. 

1. TromwiBr's Tent. — This test may be conveniently per- 
formed iis follows: About 1 draclira of urine, in an ordinary 
test-tube, is first treated witli sufficient cnprie-sulphate solution 
to render the urine a liglit-green color; then an equal volume of 
liquor ]>otassie is added. At first a blue precipitate of Uydrated 
cupric protoxide results, which dissolves npon shaliing the tulw, 
forming a beautiful, clear, blue solution. If allowed to stand 
half an hour or so, reduction gnulunlly takes place, especially if 
much sugar be present, resulting in precipitntion of yellow or 
yellowish-red suboxide of copper. If, instead of standing half 
an hour, gentle heat be applied, this test becomes more delicate, 
and reduction, moreover, occnrs at nnce. 

This test is open to two objections; (a) If it be not sub- 
mitted to boiling it is not very sensitive, only detecting sugar 
when present in conaidemble quantity. (6) If boiled especially 
long the test is rendered oversensitive, so that reaction may 
occur with snbstnuces in the nrine other than sugar. The power 
of reducing cuprous oxide in alkaline solutions is possessed, to 
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a. Teeble degree, hy a. niiinbev uT subslniiees ' in both norinal and 
iibnoriiinl ui'ine, and in Trooimer's test the qniintity of urine 
submitted to the cojiiicr solulion is relntivtly Inrge, wLich 
greatly iucrettses tlie chances of reduction by nou-snccliariiie 

2. Feliling^B Soluliun. — TUia sulution is prepared according 
to tlie original standard furiiuita, aa Toilows: 34,689 gramniea 
pure LTystaliized cupric sulphate ; solution uT smlinm hydroxid 
(s|)ecific gravity, 1.12), about 5U0 cubic centimelies ; chemically 
pure neutral sodium tartrate, 113 gritmmes. Pr<?iKire by dis- 
solving the copper sulphate in 100 cubic centimetres of distilled 
water; nest dissolve the neutral sodium tartrate in the catistic- 
sodium solution, and add the copper solution, tittle by little; 
flually, with distilled water bring the volume of the whole to 
1000 cubic centinietroB (1 litre). 

Fehling's teat may be applied as follows : Fill an ordinary 
test-tube to the depth of about an inch with the test solution, 
and raise to the boiling-point ovcra spirit-tnmp. If upon boiling 
the solution remain clear blue, 3 or 4 drops of the suspected 
uriue should be added, at the same time continuing tlie boiling ; 
and if much^ugar l)e present after a short interval, the solution 
suddenly assumes a dense, opaque, yellow color, and sliortly 
after a yellowish-red sediment falls to the bottom of the test- 
tnbe. If no such reaction occnr, the addition of urine may be 
continued until ita volume etinals, but miigl not exceed, the 
volume of the test; then, if no yellowisli precipitate appear 
upon boiling, the uriue may be considered free from sugar. 

The chief objection to Fehliiig'a solution is its well-known 
tendency to decompose upon keeping, so that it must be freshly 
prepared in order to be depended upon. Various methods have 
been proposed for the purpose of rendering this teat stable. 
Tlina, Dr. Pavy suggested having the solid ingredients com- 
pressed into pellets, the cupric salt and sodium tartrate lieing in 
separate pellets. In the author's experience these pellets are 
even more unstable than the liquid form of the test. The defect 
in Fehling's solution depends upon its contained sodium tartrate, 

> Chtefl; urLi: aclit, i^ri'stln, ureiilDlu, hlppuric acid, hypoxanthla, Unola, 
carbaUc acid, aJkilolda, and glycuronlc acid. 
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—a very iinstnlile snlt ; and so lung as tbls lie retainei) a portion 
tbereof will be converted into racemio ncid, which reduces 
cuprous oxide and corrupts the test. 

S. Sainex's Test, — The best form of copper test for stigHr, 
qualitatively, ia tliiit dHvised by Prof. Walter S. Haines, of 
Chicago. The original furmnla for this test is as follows: Pure 
ciipric sulphate, 30 grains ; pure glycerin, 4 drnchtns ; caustic 
potftsainm (in sticks), 3 drii»?l[ui9; dislillfil water, to 6 ounces. 
The solution is prepuri^d by dissolving the cupric sulphate and 
glycerin in part of the water and the caustic potash in the 
remainder. Mix the two solutions. 

For purposes of greater convenience, Professor Haines haa 
recently siuipliQed this formuln, as follows: Take pure copper 
sulphate, 30 grains; distilled water, ^ ounce; make a perfect 
solution, and add pure glycerin, ^ ounce; mix thoroughly, and 
add 5 ounces of liquor potassa?. 

In testing with this solution, take about 1 drachm and 
gently boil it in an ordinary test-tube. Next add from 6 to 8 
drops — not more — of the suspected urine, and again gently boil. 
If sugar be present, a copious yellow or yeilowisb-red precipitate 
is thrown down. If no such precipitate appear, sugar is absent. 
This test is stable, and, though kept on hand indefinitely, it may 
always be depended upon to be in order for testing. 

With regard to the copper tests iu general r It has often been 
stated that if albumin be present in the urine it must fli-st be 
removed, as it interferes with the reduction of the cupric oxide. 
In the author's experience, this rule may ordinarily !« disre- 
garded, except in the ease of the bismuth tost. With regard to 
boiling, it is important to liear in miud that, if this be continued 
too long, slight reduction is apt to occur with the urine, even 
when free from su^ar, as evidenced by a slight greenish (not 
yellow) opacity ; about half a minute should constitute the usual 
limit of boiling. It should also be borne in mind that strongly 
alkaline solutions are apt to precipitate the earthy phosphates of 
calcium and magnesium of normal urine in the form of a grayish 
cloud, which should not be mistaken for sugar. 

i. The Fprmenlalion Test. — This test depends upon the fact 
that gi-ape-sugar is decomposed in the fermentation set up by 
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grarity of tlie urine. Tlie roUowing is the tactbod employed: 
Fill (in ordinary lest-liil>e Imlf full of mercury and tlie remain- 
ing balf with tlic urine to be tested, and intrudncc into the 
urine a small piece of German yeast. Next close the monLh of 
Ibe teat-tubc with tlic thumb and invert over a small vessel of 
mercury, and set "fide in a warm room for several hours. If 
sngnr be present fermentation proceeds at ont-e, liberating the 
carhonic-acid gaa which collects in the upper end of the tube, 
displacing tlic urine and mercury more or less, according to the 
quantity of sugar present. One precaution Rhould be observed. 
Some specimens of yeast spontiiueously evolve gas, and it is, 
therefore, best to perform a parallel experiment with yeaat 
mixed with water, so tUat the spontaneously evolve<l gas may 
be estimated. 

This test will detect sugar, if present in considerable quan- 
tity, — 1 per cent, and over, — but the ca|incity of the urine itself 
for absorbing carbonic gas renders this test iincerlain in detect- 
ing smaller quantities of sugar. The moi'e serious disadvantage 
of this teat for practical work is the fact that it requires several 
hours to complete the analysis. 

5. Tlie Bismuth Test. — Sugar possesses the power of re- 
ducing bismuth salts with resulting black precipitate, and upon 
this fact Bottger Qrst suggested the following simple test : First 
add to the urine an equal volume of liquor potassse and then a 
lUtle basic iiitraleof bismuth. Gently boil the whole, and if 
sugar be present the test turns gray or black, according to the 
amount of sugar present. 

Traces of sulphur, which are often present iii the urine, cause 
the same reaction with this test as does sugar. For the above 
reason, albumin, if present, must be removed before applying 
this test. 

In order to eliminate the errors due to the presence of sul- 
phur. Brucke suggested the following improvement of the 
bismuth teat; Fill a test-tul>e half full of the suspected urine 
and another with a similar volume of water, and stand them side 
by side. To the one containing water add hydrochloric acid 
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until IX drop or Frolm'BreAgeiil' no longer produces a cloutlinesB. 
By lliis means nn nppi-oxiniate estimation rany be tnnde of the 
qiiaiilitv of liydrucliloric acid which should be added to the 
mine. Acidify the mine with snch qnnntity of hydrochloric 
ncid.ndd the rengent, and filter. The filtrate, which sliould now 
rcnmin clear upon adding hjtlrochloric acid, or the reagent, 
should be boiled with an excess of canslic potassinni or sodium, 
AS in Bottger's metluHl ; and if a gmy or black color result, sugar 
is present. 

6. Phenylhydraziii Test. — This teat, suggested by Fischer, 
depends upon the power, possessed by phenylhydrnzin hydro- 
chloride, of forming with grape-sugar a liighly-characteristie 
crystalline coinponnd, termed pheiiT/tglurogazone. The best 
method of applying this test is aa follows: To 25 cubic centi- 
metres of suspi'ctud mine add 1 gramme of plienylhydrazin 
hydrochloride, 0.75 gramme of sodium ai^etale, and 10 cubic 
centimetres of distilled water in a capsule. The capsule should 
be placed in a watcr-hnth and warmed at least an hour, then re- 
moved and allowed to cool; and if sugar be present even in 
minute quantity, there forms a yellowish deposit, which may ap- 
pear amorphous to the naked eye, but wliich, when examined 
under the microscope, is seen to contain fine, bright-yellow, 
needle-like crystals, either single or in stars, — phemjlgluco- 
saioHe.— whichnieItat204°C.(PhitolI). The presence of small 
or large yellow scales or powerfully refracting brown spherules 
must not be taken for evidences of sugar, as only the bright- 
yellow, needle. like crystals are conclusive.* 

If the mixture be left in the water-bath for a shorter time 
than an hour, a crystalline glycuronic-acid compound is formed 
(melting-point, 150° C), which is likely to be mistaken for 
phonylglucosasone. For the same reason the method of boiling 
the reagents with the urine in a test-tul»e for only half a minute 



> Frohn'i rcRgeiit la prepared by tailing l.BgnunmeB of freshlj--proclplUt«d 
bUinutb cubtiitrat^ with SO gnmiues of water, bentii] to boiling ; then 7 
^nmniea of potaselum iodide aud SO drops or hjrdroclilorlc acid arc added. 

' Id manipulating tbe pbenjthydrazlii bydro<:1il<irfde caution sboold be 
obierrnl not to g«t it on Uie haads, as It olleii c^ausea IroubleBome eczema nf very 
acute grade. 
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atiil cooling, as has beuii recoinmeiitled by some, is npL to be 
misleading. 

Thin test gives very triislwortby results witL every variety 
of morbid urine, and is therefore eqimlly applicable whether 
albumin be present or not. It gives no reaction nith uric 
acid, urates, creatin, ereatinin, oxybiiUric acid, iirochloralic 
acid, nroxantliic acid, tannin, morphine, salicylic acid, or 
carlwlic acid. 

A niimbei' of other tests have been projwscd for the detection 
of sugar in the ui-ine, among which may be mentione<I : Boiling 
with BodiiiDi or potassium liydroxid (Moore), picric acid (John- 
son), acetate of lead and ammonium (Rubner), niplia-naplithol 
and thymol (Molisch), indigo carmine (Mulder), bichloride of 
tin (Maiimene), chromic acid (Hunefeld), (Iiazo-l>enzol-siilpUonic 
aoid (PenzoldL), and sulpliiiric acid (Runge). None of the above 
tests possess special advnutages over those already described, 
while, on the contrary, most of Ibem are greatly inferior. 

In addition to these, tests for sugar are prepared in [xiiwr 
form, by charging chemical ly-inert filtering-paper with sodium 
carbonate and indigo carmine. The chief merit of these papers 
is their portability, since they arc neither senRitive nor trust- 
wortliy in detecting sngar in tlie nrine. 

Testing for Sugar in the Urine. — In searching for sugar in 
the urine, a test should, if possi]>le, be selected which is simple 
in application, reasonably trustworthy, and j>erfectly stable, so 
that it may be depended upon when required, in routine work. 
In these respects Haines's test is very satisfactory. 

Before snbniilting the urine to reagents always thoroughly 
cleanse all of the utensils to be employed in the analysis. In 
the use of the copper tests, always employ a minimal amount 
of urine at first, gradually increasing vnlil reaction is chained 
or the slated limit of urine be reached. This method greatly 
diminishes the chances of reduction by otiier substances in 
the urine than sugar, and, moreover, it gives a rough idea of 
the quantity of sugar when present. Thus, if Haines's test be 
selected, after gently boiling a drachm of the solution, add 2 or 
3 drops of urine ; then wait a moment, to see if reduction occur, 
before adding more urine, meantime continuing the boiling; if 
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□D reaction occur itrter a (aw seconds, luld 3 or 3 more drops or 
urine, mid so on until 8 drops be nddcd, but no more. 

ir Fclillug's suiiition be einpluyed, gently bi>il u drnebm of 
tlie test and, if it remain clear, ndd but a few drops of the sus- 
pected urine; then pause for a niument, continuing the boiling, 
and, if no reaction occur, add n few more drops of urine, and so 
on. If no reaction occur, continue the nddition of urine until 
the volume thereof equnls that of the test solution, but not 
more. 

If any doubts arise as to tlie presence of sugar in the sus- 
pected urine, after the application of a routine teat, an appeal 
should be made to one or more of the others described. Fur 
such purpose tlie pheuj-lhydr.izin teat is desirable above all 
others, both because of its ezoeeding delicacy and its property 
of reacting with few known substances in the urine other thsn 
grape-sugar. 

Determination of Sugar in the Urine.— Having detetrted the 
presence of sugar in the urine, it becomes all important to deter- 
mine its quantity in all caRea, because (a) such knowledge fur- 
nishes the most precise evidence of the grade and severity of 
the diseased Btnte upon which it depends ; (6) it furnislies tlie 
moat solid basis upon which to construct the prognosis ; (c) it 
gives the most trustworthy evidence as to the results of ti'eat- 
ment. 

1. Tlie Fermntilalion Method. — The best results are reached 
with this test after the method suggested by Roberts.' It has 
already been stated that grape-sugar is decomposed in the fer- 
mentation set up by yeast, yielding alcohol, carlion dioxide, and 
a number of other products, with resulting decrease in the ape- 
cific (jramty of the urine. Each degree of specific gravity lost 
in fermentation corresponds to 1 grain of sugar jier fluidounce. 
Tims, if before fermentation the specific gravity of the urine 
l>e 1.040. and afler fermentation it be 1,020. it will have contained 
20 grains of sugar per ounce. The method advised by Kolterts 
is as follows : About 4 ounces of saccliarine urine are put into a 
13-ounce bottle, and a lump of German jeast is added to it. 
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The bottle is tlien corkeJ wiih a nicked cork (wliicli iiermits the 
escnpc of Mie carbonic acid) mid set nside, in a warm place, to 
feriueiil. Beside tliia is placed a tiglilly-corked 4-i>nncc liottle, 
filled with llie same urine, but witboiit any contained jeaal. In 
about twenty-fonr lioiirs tLe rernientation will have ceased. The 
fermented urine is then decanted into a urine glass and its spe- 
ciflo gravity ia taken ; at the same time, the density of the 
uiifermented urine in the companion bottle is observed and the 
dengily lout ascertained. The degrees of density lost represent 
the nninber o( grains of sugar in each fliiidonnee of the urine 
tested. The [lercentage may be ajiproximately ascertained by 
multiplying the number of degrees lost by 0.23. 

The chief objection to this method for clinical work is the 
fact that it i-eqnires fVom eighteen to twenty-four hours to com- 
plete the analysis. 

The /ermentalion saccftaromrtcr recently devised by Einhorn 
collects and measures the carljonic-acid gas evolved in fermenta- 
tion, and from the vulnmc of gas evolved the percentage of 
sugar is estimated. The urine itself absorbs carbonic-acid gaa 
in quantity altout equal to its own volume, and this gas tlie 
instrument takes no note of. The results obtained by these 
instruments are only approximative, and, in the nnthor'a experi- 
ence, much less accurate than those obtained by Roberts's 
method of differential density. 

2. Ffililing^s Tent. — This is conducted by the titration method 
with Fehling's standard solution, the formula of which has 
already i)een given. The principle of the process depends 
upon the fact that, in the reduction of cujiric oxide in solu- 
tions of definite strength by grape-sugar, the blue coloration 
disappears by the addition of a definite quantity of the sugar. 
Thus, with Fchling'a solution every 10 cubic centimetres cor- 
respond to 0.05 gi-amme of grape-sugar,— or 200 grains to 1 
grain of sugnr. The test may be conducted as follows : Measure 
oflf 10 cubic centimetres of Fchliug's solution in a glass fiask 
and dilute with 3 or 4 volumes of water. The urine to be ana- 
lyzed should be diluted to ii known degree — ordinarily 1 to 10 — 
unless the quantity of sugar be very small, in which case 1 to 5 
ia a better dilution. Next, raise the diluted Fehling'a solution 
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to tlie boiling-point, and, nfter having filled tli« burette nitli the 
liiluted urine, adil the l»tler in sticceasive fiiiiiiU nmouiils to tbe 
boiling Feliliog's euliitiuii until the blue culor hns eiitiiuly (lis- 
appeiireii. After each IVeah addition from llie burette, llie mixt- 
ure eliutild be gently boiled and then nlluwed tu stnnd for a feir 
secoitda, bo that the yellow suboxide of copper may subBide and 
the observer tnny see wlicthor the mixture contains any blue 
color. Aa soon as tUe blue color has disappeared the quantity 
of dihiteil urine employed may be read otf, and since it tnkeB 
just 0.05 gramme of sugar to remove the blue eolorntion in the 
10 cubic centimetres of copper solution, from this the percentage 
of sugar ill llie urine may be readily reckonecl. Thus, if 10 cubic 
centimetres of the diluted urine were required, this would rep. 
resent 1.2 cubic centimetres of nrine, nhich would contain 0.05 
gramme of sugar. Tbe number of gmrames of sugar contained 
in 100 cubic centimetres of urine would be obtained by propor- 
tions, thus : — 



1.2 _ 
0.05" 



100 , 



100 X 0.05 



.4.16 



The objection to Pehling's standard solution, already noted, 
— viz., its instability, — greatly detracts from its practical utility. 
In addition to this, in quantitative testing its end reaction is de- 
fective; so that some jirnctice is necessary in order to determine 
the precise point of reduction. 

Dr. Pavy improved the end reaction of the copper teat for 
quantitative work by the addition of ammonium to his formula, 
tin fortunately, however, he retained tbe aodic tartrate, which 
renders his solution equally unstable with Fehling's solution. 
Neither of these Bohitions will keep sufficiently long to make 
them available for practical use. 

It has recently been proposed to alter Fehling's solution by 
substituting 115 cubic centimetres of pure glycerin for the sodic- 
tartrate and 130 grammes of potassium hydroxid for the caustic- 
sodium solution. The author finds, however, that this rendera 
the end reaction of Fehling's solution still more defective, since 
tbe cupric suboxid formed in presence of the potassium base is 
less dense than with sodium, and therefore is more bulky and 
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takes & longer time to settle; bo that it is very diRlciilt to find 
tlie precise point of reduction. Furtliermore, a more serious 
consequence of this propose<l alteintioii of Febling's foriuulu is 
the fact tliat in changing the alkaline base of the test from 
sodium to potassium it also changes the ratio of reduction of 
the cupric oxide by sugfti'; so that the propuscil formiilft would, 
in testing, indicate considerably more sugar in the urine than is 
actunlly present. The ratio of reduction of cuprous oxide by 
sugar varies with the form of allialinQ base employed. Tlius, 
with sodium liydiuxid (as in Febling's solution) the l-atio 
is 1 grain of sugar to 6.92 grains of cnprie sulphate ; while with 
potassium bytli-oxid it is 1 grain of i^ugar U> 6.6*i grains of 
cupric sulphate. Febling's sohition, therefore, cannot be 
idtered by changing its alkaline base and still retain any 
Accuracy as a quantitative test for sugar according to its originKl 
ratio of reduction. 

3. The Author's Method.— In view of the fact that the deter- 
mination of sugar in the urine had never l)een rendered entirely 
satisfactory for practical every-tlay work, the author, about four 
years since, devised the following formula,' with the object of 
eliminating the defects of the copper test for quantitative work, 
BUd also for bringing out the best results of the titration method. 
The four years' subsequent use of this test justifies its recoinmen- 
datlou for the uses for which it was designed. 

The formula for the author's standard solution is as follows: 
Cnprie auljibatc (C. P.), 4.143 grammes; iratassium hydroxtd 
(caustic potash) (C. P.), 23.50 grammes; strong ammonium 
(U. 8. P.) (sp. gr. 0.9), 450 cubic cenlimelres; glycerin (C. P.), 
88 cubic centimetres; distilled water, to 1000 cubic centimetres 
(1 litre). 

Prepare by dissolving the cupric sulphate and glycerin in 
300 cubic ceutimeti-es of distilled water with the aid of gentle 
heat. In another 200 cubic centimetres of distilled water dis- 
solve the caustic potassium. Mix tlie iwo Kotntions, and when 
cold add the ammonium. Fiually, with distilled water bring the 
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Proceed liy acciimtely mensuriiig 35 cubic cent) metres of the 
Bolution into tlie flask, dilute witb about 2 vohimes of distilled 
water, and bring tbe whole Ihorour/hly to tlie boiling-point. Fill 

> It Ii toiporbuit tliBt the gljccrln Iw chrmlcally pure. The unmonluin 
•boald b« U. 8. P. (trengtli, >p. gr. 0.9; that told u chianlvally-puri!. ttnni|t 
, «BlDanta-»al«r U bat. 

■ IfMan, K. B. San^nt A Co., 1M Wabuh Avcuae, Chlcafco, prtp>r« tad 
B>kMp Id Mock the »U>Vb fotuUoD, u well m tbe apiivatiu requlrad for teitlBf. 
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takes A longer lime to settle; so tlint it is very ilillicult to find 
tliG precise iK>iiit or reduction. Furthermore, n more serious 
consequence of this proposed alteiatiou of Febllng's formula ia 
the fiict tliat iu cLaiiging tlie alkaline base of tlie test from 
sodium to polnssinm it also clianges tlic ratio of reduction of 
llio cupric oxide by sugar; so tbat tlie proposed formula would, 
in testing, indicate considerably more sugar In the urine than is 
uctually present. Tlie ratio of reduction of cuprous oxide by 
sugar varies with the fonn uf alkaline base employed. Thus, 
witb sodium liydiuziil (as in Feliling's solution) tlic ratio 
is 1 grain of sugar to 6.92 grains of oupric sulptiute ; while with 
potassium liydroxid it is 1 grain of sugar to C.66 grains of 
cupric sulphate. Fehliug's solution, tlieiefore, cannot be 
altered by changing lis alkaline base and still retain any 
MCiirncy ns a quantitative teal for sugar accoriling to its origionL 
ratio of reduction. 

3. The Aulhor'a SleUiod.—ln view of the fact that the deter- 
mination of sugar in the urine had never been renderetl entirely 
satisfactory for praclieal every-day work, the tiiithor, about four 
years since, devised the following formula,' with the object of 
eliminating the defects of the copper tost for quantitative work, 
and also for bringing out the liest results of the titration method. 
The four years' subsequent use of this teslJustlQes its recommen- 
dation for the uses for which It was designed. 

The formula for the author's standard solution Is as follows : 
Cupric sulphate (C. P.), 1.743 grammes; i>otassiiim hydroxid 
(caustic potash) (C. P.), 23.50 grammes; strong ammonium 
(U. S. P.) (sp. gr. 0.9), 450 cubic centimetres; glycerin (C. P.), 
88 cubic centimetres; distilled water, to 1000 cubic centimetres 
(1 litre). 

Prepare by dissolving the cupric sulphate and glycerin in 
200 cubic (.viitiinetres of distilled water with the aid of gentle 
heat. In auolher 200 cubic centimetres of distilled water dis- 
solve the caustic (lotassium. Mix the two Solutions, and when 
cold add the ammonium. Finally, with distilled water bring the 

■ Tbe ftirrnulm bu dnce heea ImproTetl >iid lUodudlied la both the metric 
•nd Eogllib lystctas of irelghu aad meuurei. 
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Proceed by acciirately measuring 35 cubic centimetres of the 
solution into the tiask, dilute nitU about 3 volumes of distilled 
W8t«r, and bring tbe wliole thorowjhly to lUe boiling-point. Fill 

' It b Important thmt the glycerin bo cbcmlckllj pute. The unmonlum 
iboald be V. 8. F- itrangtb, (p. gt. 0.9; UibI mid m cbemtoalljinire, Anmg 
unmnDta- water li beat. 

' U«an, B. n. Snimnt A Co., 106 Wklirub Atmiuo, ChlciKo, prcpara uiil 
keep lu tUxk tL« aUiTC tolatioD, m well u the ■pprUKtui requlr«il for lotlng. 
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takes a longer time to settle; so tbat it ia very difticult to find 
tlie precise point of retliiction. Fiirtliernioie, a more serioiia 
consequence of tbis proposed alteratioii of Feliling's formula ia 
tlie raut tbat in cimnging tbe tilkaline l>ase of tlie test from 
sodium to potassium it also clinnges the ratio of reduction of 
tlie cupric oxide by stignr; so tUnt the proposed furmiila would, 
in testing, indicate considerably mure sugur in tbe urine tban is 
Actually present. The ratio of reduction of cniirous oxide by 
Bugnr varies with the form uf alknline bnse employed. Thus, 
with sodium hydrozid (as iu Feliling's solution) the ratio 
is 1 grain of sugur to 6.93 grains of cuprlu sulphate ; wLile with 
potassinm hydroxid it is 1 grain of sugar to 6.66 grnius of 
cupvic sulpLnte. Febting's solution, therefoi-e, cannot be 
altered by changing its alkaline bnse and still retain any 
accuracy as a quantitative test for sugar according to its original 
ratio of reduction. 

3. The Author's Method.— In view of the fact that the deter- 
mination of sugar in the urine had never been rendered entirety 
satisfactory for practicnl everjMlay work, the nuthor, about four 
years since, devised tbe following formula,* with tbe object of 
eliminating the defects of tlie copper test for quantitative work, 
and also for bringing out the best results of the titration method. 
Tbe four years' subseqiieut use oP this test justifies its recommen- 
dation for the uses for which it was dusigned. 

Tbe formula for tbe author's standard solution is as follows : 
Cnpric sulphate (C. P.), 4.742 grammes; potassium bydroxid 
(caustic potash) (C. P.), 23.60 grammes; strong ammonium 
(U. S. P.) (ap. gr. 0.9), 450 cul)io centimetres; glycerin (C. P.), 
38 cubic centimetres; distilled water, to 1000 cubic centimetres 
(1 litre). 

Prepare by dissolving tbe cupric snlphate and glycerin in 
200 cubic centimetres of distilled water with the aid of gentle 
heat. In another 300 cubic centimetres of distilled water dis- 
solve the caustic potassium. Mix tbe two Solutions, and wlien 
cold add tbe ammonium. Finally, with distilled water bring the 
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Proceed hy accurately measuriiig 35 cubic ceiUiDictica of tha 
eolution into llie flask, (liliile nitli about S voIiidich of distilled 
water, and briitg tlie whole Iftoronfjft/j/to the boiling-point. Fill 

' It \* linporUiit tliKt tlie glTFerlu be rbmilvall)' pun. The uiimoniuin 
■bouM tx C. 8. P. ftrvDgtb, pp. gr. O.S; thai told u chi-mlcally-puie, itrong 
sr la b«t. 

' Mnara, E. H. Sarfrrul A Co., los Wahuli Arciiue, Chkigo, pirpuv utd 
kMp In *tock Ih* alwvt aolDUoD, m well w the Bpiaraliu rcqalrvd for Icstlsg. 
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tfthes El longer time to settle; so tlist it is very dilllctilt to B 
the precise point of reduction. Fiirtliermore, a more serious 
consequence of tbia proposeti ulteiatioii of Feliling's fui'mula is 
the Tact tliat in changing the alkaline base of the lest from 
sodium to polnssitim it also changes the ifitio of reductiou of 
the cupric oxide by sugar i so that the proposed formula would, 
in testing, indicate consideraltly more sugar in the urine than ia 
actually present. The ratio of reduction of cuprous oxide by 
sugar varies nitli the form of alkaline Imse employed. Thus, 
with sodium liydruxid (aa iu Fehliug's solution) the ratio 
ia 1 grain of sugar to 6.92 grains of cupric aulpbate ; while with 
potassium hydroxid it is 1 grain ol' sugar to 6.61) grains of 
cupric sulphate. Fehliug's solution, therefore, cannot be 
altered by changing its alkaline base and still retain any 
accuracy as a quantitative test for sugar according to its original 
ratio of reduction. 

3. The Author's 3Iethod.^ln view of the fact that the deter- 
mination of sugar in the urine had never been rendered entirely 
satisfactory for practical every-day work, the author, about four 
years since, devised the following furinida,' with the object of 
eliminating the defects of the copper test for quantitative work, 
and also for bringing out the best results of the titration method. 
The four years' subsequent use of this test justifies its recommen- 
dation for the uses for which it was designed. 

The formula for the author's standard solution is as follows : 
Cupric sulphate (C. I*.), 4.742 graramea ; ])ota8sium hydroxid 
(caustic potash) (C. P.), 23.50 grammes; strong ammonium 
(V. S. P.) (sp. gr.0.9), 460 cubic centimetres; glycerin (C. P.), 
38 cubic centimetres; distilletl water, to 1000 cubic centimetres 
(1 litre). 

Prepare by dissolving the cupric sulphate and glycerin in 
200 cubic centimetres of distilled water with the aid of gentle 
heat. In another 200 cubic centimetres of distilled w.iter dis- 
solve the caustic potassium. Mix the two Solutions, and when 
cold add the ammonium. Fiuftlly, with distilled water bring the 
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volume of tbe whole to exactly 1000 cubic centimetres (1 litre).' 
TUiity-five (35) cubic centimetres of tliia sohition are reduced 
ijpun boiling l>y exactly 2 centigram niea (0.03 gramnie) of gntpe- 
augar. 

Tlie Bitalysis alionid be citndiicteil as Tollows: Have on hand 
a glivas fl:(»k (150 to 200 cubiu ceiiliinetreH' capacity), n comnioii 
retort-stand, a. 10-ciibic-centinictru or 20-cubic-ceiitimetre gnda- 
ated burette, and a large siiirit-lutnp.' 
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Proceed by accurately meaeuring 35 cubic centimetrea of Uie 
Bolution into the flask, dilute nitb about 2 ruliimea of distilled 
water, and bring tbe whole thoroughly to tbe boiling-point. Fill 

I It U Importsitt that the glfceriu be cbemlcatl}' pute. The unDionlum 
•bonld be V. S. P. ■trenglta, ip. gr. 0.9; Ibat sold u chemlcslly-pure, itroD); 
ammonla-wftter Is best. 

■ Umn. E. n. Surgrnt ft Co., 108 Wsliuh Aieuiw, Cblcagn, prepare uid 
k«ep Id itock tbe tbore ■oluUun, u well » the apiiaratiu required for iMting. 
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the burette to the zero-mark with tUe urine to be tested, and 
tUnoly discharye tUe uriue iuto tbe bviling test sohitiun drop by 
drop, uutil tbe blue color begins to fade ; llien xlill more slowly, 
three to five seconds clitpsiiig iifler eneh drop, until the blue 
color corapletelj' disiippems niul lenvea the test solution per- 
fectly Irauepareiil unit culurlens.' 

The number of cubic centimetres it requires to discharge the 
blue color in 35 cubic ceubiuietres of the teat solutioa coiitaiu 
exactly 2 centigvammca (0.02 gramme) of augur. 

The following, therefme, is the ]>crcentage relationship of 
reduction of the test : — 

If 35 cubic centimetres of the test solution be reduced by 2 
cubic centimetres of urine, tbcre is exactly 1 [ler ceut. of sugar ; 
reduced by 1 cubic centimetre, 2 per cent. ; reduced by J cubic 
centimetre, 3 per cent.; reduced by \ cubic centimetre, 4 per 
cent. ; re<luced by J cubic centimetre, 8 per cent. 

If absolute accuracy of results be desired, it is better to dilute 
the urine to lie tested nith 2 volumes of distilled water and divide 
the proiiuct by 3, especially if ilie percentage of sugar be high. 

Those who prefer to work with the English weights and 
measures may obtain the same accuracy of results by using the 
following formulii and methods : — 

Sulphate of copper, C. P., .... 44 grslna. 

CmiuUi; potub, C. P. ai4 griUDB. 

atroug uninoDls, V. 8. P. (sp. gr. O.B), . 9 Quid ounces. 

Gljcprlo, C. P., 8 drachma. 

IHsUllrd v&Wr to 30 ounces. 

Prepare by dissolving the sniphate of copper and glycerin in 
4 ounces of distilled water, with the aid of gentle heat. In an- 
other 4 ounces of distilled water dissolve the caustic potash. 
Mix the two solntions, and when cold acid the ammonia. Finally, 
with diatilleil water bring the volume of the whole to exactly 80 

Ten drac?hmB of the above solution are reduced upon boiling 

1 It will le noted urier (fating, that ujion staudlng sonj(< time the test solu- 
tion resutDCs th« blue eolor ogaiii. This it dne to HbeorpUoii or oxygen Trom Iha 
almosphere, wlilch reforms the blue prntnilde ot copper Troni the cupric sub- 
oxide held Id solution liy the smniDUlum. This should iiot be mlsl«kBE) for im- 
pertbctreducUonordefect In the testsolulion, 
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by exactly ^ gralu of giiipe-sugiii'. Tlie lest is conducted pre- 
cisely aa already described in the metric system, siive tliat a 
iniuini burette is substituted for tbe cubic-cent! metre burette 
and llie result is reckoueil in grains iiietead of grammes. 

To determine tlie number oTgraius of sugar per ounce in any 
given sample of uriue, divide ISO (the number of grains per 
ounce) by the immber of minims it required to discharge the 
bluecolorin 10 rlracbms of tlie test solution ; divide the product 
by 3 and the result ia the number of grains per ounce. 

Example. — If IG minims of uriue reduce 10 drachms of the 
test solution, there are 10 grains of sugar i>er ounce, — 



30 



16 



= 10 grains of sugar. 



If it be desired to know the percentage amount of sngar 
present, divide the number of grains per ounce by 4.8. 

The advantages claimed for the above test are as follow: 
1. Its i)erfect end reaction, whereby even the inexperienced ob- 
server may accurately determine the precise point of complete 
reduction without delay. 2. Its stability, wbich is such that 
the solution may bo kept on baud for months without impair- 
ment of il« qualities for testing, 3. Its rapidity of application, 
by means of which one is enabled to determine the quantity of 
sugar in a given sample of urine within five minutes. 4. Its 
accuracy, which any one may readily prove by submitting to it 
solutions of grape-sugar in normal urine of known and accu- 
rately-measured strength. S. Its simplicity, the apparatus 
required being of the most common order. 

4. Optical Snccharimetri/. — Aa already stated, grape-sugar 
possesses a right rotatory power over polarized light, and upon 
this fact lina Iteen based a method of quantitative testing for 
sngar by the polarificope. Among the more elaborately-con- 
structed instruments for this purpose are those of Lippich, 
Miaterlioh, Soleil, Laurent, Wild, and von Flieschel. 

TTltzmann has devised a polarizing sacc ha ri meter, which pos- 
Besaes several important advantages over the instruments named, 
Rs follows: (a) No artificial light is needed, for the concave 
mirror of tlie microscope-stand brilliantly illuminates the field 
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of vision, (b) Tlie (ippanitiis ilaelf is small, scarcely longwA 
tban tlie elongated tube of the ordinary microscope, and need 
no Bep:inile stand, (c) By means of tliis instrument tLe | 
centnge of sugar (wn l>e directly calculated, (d) Tlie entire 1 
apparatus can l>ti liad fur a comparatively stnnll cost. 




In using this SACcliarimeter, the tube, objectives, and ocular 
of the microscope arc removed, and in their place the sacolutri- 
meter is inserted and made fast liy means of a small screw. The 
concave mirror is Llieii adjnsted, and, by looking through the 
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iDStnimeiit, it is deter to ined whelLer or uot it ia properly ad- 
justed. 

In Fig. 11 a is llie biconcave and b tlie objective lens or a 
email Dutcli telescope, tlie Toual distaDce of wliicli extends to p ; 
c is the ii[)per Nicol prisiu, with wliicli a vernier is closely con- 
nected ; fi is a glass tube for lioUIin^ tlie siispcf tc'I Itittd, wliicli 
sliould be filtered or otherwise cleansed 
before anal^'sis ; p is a double plate of 
right and left rotivtiug qiiiirtz, and / 
tlie lower JJicol iirisni. 

The arc or fixed scale is so divided 
that one division of it i-epresenta 1 per 
cent, of grape-sugar at a tempentture 
of 20° C. Bi' means of the vernier, 
tenths of a degree [i.e., of 1 jier cent.) 
can be approximately determined. 
Since 10 degrees of the vernier corre- 
spond exactly with 9 degrees of the 
arc, to tlie percentage of sugar found 
must be added as many tenths as 
spaces are counted on the vernier np 
to tliAt division which exactly coincides 
with A division of the arc. 

If, for example, the zero-point of 
tbe vernier does not quite reach 
(toward tlie right) the 5-|K)int of the 
svale, it indicates that the percentage 
of sugar is more than i and less than 
5 ;«r cent. If it be desired to esti- 
mate the tenths per cent., and the niTlh 
division of the vernier is the first "'' I'itsmanns polabie- 
(counted from the zero-jM>int) to co- 
incide with a division of the are, then G is the ntimber of 
tenths required, and the apparatus would indicate, in this case, 
4.6 per cent, grii|ve-sugar (iresent. In estimating the strength 
of cane-sngar soUitions, it is to be borne in mind that the 
polarization power of cane-sugar is tli rue-fourths that of 
grape-sugar. 
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Ciiiic- s,\n\ gmpc- sugar, as well ns lactose, turn tlie polarized 
raj- to the right, wliilc nlbiiinin and leviilose, on llie other hand, 
tiii'ii it tuwiird the lel't. If iLu ghiss tiibu of the -Baechnri meter 
be empty, or corituiii a fluid huliliug in solution siibBtanceB 
having no optical iiiQiicnce (as normal urine), the zero-point of 
the vernier coincides exactly with the zeio-point of the scale, 
and the two halves of tlie field of vision are exactly isocbro- 
raatic. If, on the contrary, an optically-active substance be 
contained in the Huid, — as, for example, sugar, — the normal 
isochromatisra of the two halves disii|ipe;ir8, anil a distinctly 
une(]nal coloring takes place. This is the more npimrent the 
greater the amount of optically-active subsUmce present in 
solution. When this unequal coloring occurs the vernier is to 
be moved toward the right or left (according to the presence of 
sugar or alhnmin) until the color of the two halves is again 
exactly the sninc. The iwrceulage is then read off the scale in 
the way above mentioned. 

If a diabetic urine be very light colored and clenr, it can at 
once be put into the glass tube of the instrument and the 
determination mnde. If, however, it lie dark and cloudy, and 
contain albumin, it is udvantagegus to first clarify it and remove 
all distnrbing substances. This is best accompli shed by means 
of a 10-per-cent. nf|neous solution of sugar of lead. The lead 
acetate causes in urine a copious white precipitate, consisting of 
lead chloride, phosphate, and sulphate, and the precipitate 
carries down with it all the coloring ni.itter of the urine and such 
albumin as may be present. If the urine be then passed through 
a dry filter, the resulting filtrate is almost as clear as water, and 
IB particulaily well adapted for the apparatus. Since, however, 
the amount of sugar in the mixture (after the addition of the 
lead-acetate solution) differs from that in the urine, the amount 
of dilution must be taken into account in estimating the sugar 
present. It is best, therefore, to take T5 cubic centimetres of 
urine, and to that add 25 cubic centimetres of lead-acetate solu- 
tion, shake, and filter. In estimating the sugar present in the 
urine, oue-qimrler of the percentage of the mixture added to that 
percentage will give the percentage of sugar in 100 cubic centi- 
metres of urine. In other words, the percentage of the mixture 
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JB three-quarters tlmt uf tUe urine. Tims, if to 75 cubic cenli- 
metres of a dark, albuminous, aaccbarine urine liave been added 
25 cubic centimetres of leail-acetnte solution, tbe mixture filtere<I, 
and found to contain 4.8 per cent, sugar, tbeu 1.2 per cent, must 
be a<]ded to give tlie percentage in 100 cubic oentimetvca of 
iiriue, wliieb would, tberefore, contain 4.8 + 1.2 per cent. = 6 
per cent, sugar. In filling the glass tube cure must be obserx*ed 
that no ail-bubbles are included in the fluid. It is well, there- 
fore, to fill tiie tube as full &s possible and push tbe glass 
cover on from one side before screwing down the cover (Ultz- 
niann). 

The author uses this instrument, obtaining fairly rapid and 
satisfactory results if the quantity of sugar be over 1 per cent., 
but in quantities much less than this tbe results are uncertain. 

Levtjlosubia. 

Fruit-sugar, or levulose, hiis l)ccn found in the iiri»e of jier- 
sons whose symptoms correupond closely with those of diabetes 
mellituB. In siicii cases the levulose may be associated with 
grape-sugar, or it may appear alone, but usually the former is 
the case. 

Levulose turns the plane of polarization to the left, and this 
fact enal)les us to distinguish it from grape-sugar, which turns it 
to the right. Levulose reduces copper salts as does grape-sugar, 
although more feebly than the latter. It also yields the cbarac- 
teristic reaction of yellow crystallization with phenylhydrazin 
hydrochloride, but these crystals melt at 150° C, while tlioae 
formed from grape-sugar require a temi)erature of 204° C. to 
melt them. Levulose does not crystallize, nud does not melt so 
readily as does grape-sngar. When cane-sugar is treated with 
dilute mineral acids, it undergoes a process known as inversion, 
— i.e., it takes up water aud is converted into a mixture of equal 
[larts of dextrose and levulose. 

Clinical Signiflcance.-^Aside from the fact that levulose is 
sometimes found in the urine in diabetic conditions, either alone 
or, as is more common, in association with grape-sngar, little else 
is known of its clinical relations. It has been stated that excess- 
ive ingestion of cane-sugar, as well as the sugars of certain kinds 
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of fniits, muy cause tlie »iipeiii-iiucL' of leviilose ii 
especially in cotidiiioiiB ordistui'l>ed digestiou. This, however, is 
ratbev coiijectuiul tUau the result of observation, although cane- 
sugar is eonverted in the intestines into glucose and levulose. 

Detection. — I f saccharine urine deflect polarized light strongly 
to the lel't, we muy infer that the B&cchaniie substance is levnlose. 
If other known substniices whicti turn pohirizcd tight to the left 
be exclude<l, it tuny be regarded as certaiu that levnlose is 
present. 

Lactoburia. 

Lactose, or niillc-sugar, crystallizes in white, rliombic prisms, 
which are soluble in 6 parts of cold and 3^ parts of hot water. 
It has only a fuintly-sweet taste, and is insoluble in alcohol and 
ether. Aqueous solutions of lactose possess a right, or dextro- 
rotatory, power over polarized light of + 59.3°, and do not 
readily undergo alcoholic fermentation. !t recluces the copper 
salts upon boiliug in alkaline solntioiis, but about one-third less 
powerfully than does grape-sugar. If long boiled with dilute 
acids, it forms galactose, which, treated with nitric acid, yields 
mucic acid. 

Clinical Signiflcanoe. — Lactose occurs frequently in the urine 
of wouii^n who are nursing, the quantity usually being small, 
although it may reach as high as S per cent., and be attended by 
nil the usual symptoms of diabetes, as in a ease re|>orted by 
Ralfe, at the London Hospital. In this case the woman was suf- 
fering from debility, and lactosnria occurred after three success- 
ive confinements, the urine being free from sugar during the 
gestation. 

Lactose is nearly always present in the urine of women two 
or three days after confinement, and just before milk appears in 
the mammary glands (during milk fever) ; and the same may be 
said of women within a day or two after weaning their children. 
Lactosnria may also arise from any cause that prevents the milk 
escaping from the mammary glands during Inctation, such as 
inflammntions involving the nnimmary ducts. 

Detection. — If urine give the chnrncteristic reaction of grape- 
sugar with alkaline solutions of cupric salts, and if it also cause 
extreme deflection of the polarized ray to the right, it is prob- 
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able that Inctose ia iireseiit. Coiifirtn by treating tlie urine with 
an excees oT luad ncetnte, tllter, and to tlie filtrnte mid Hmnionium 
until a permanent precipitate forms. Tlie fluid is tlien heated, 
but not boiled ; and if a rose-red color gradually develop, which 
slowly vnuisbcs on standing, grape sugar is present ; if no Buoh 
reaction ocuur, lactose is present (Rubuer). 

Inosituku. 

InoBite, or muscle-sugar, crystailizes in large, colorless, mono- 
clinic prisms, sometimes giouped in rosettes. They are soluble 
in 6 parts of water at S0° C, insoluble in alcohol and ether. 
Inosite does not undergo alcoholic fermentation, and possesses 
no rotatory power over polarized light. It does not reduce 
alkaline solutions of cupric salts, although it gives with them 
a greenish tint upon boiling, which clears up on standing, and 
again turns green on boiling. 

Although termed muscle-sugar, inosite has been found in the 
lungs, spleen, liver, kidneys, and brain, and it Las been found in 
the urine in a number of pathological conditions. 

Clinical Signiftcance. — Inositnria has frequentl}* been noted 
in association witli iliahetic conditions. It has also been ob- 
served in ty|>hii8, phthisis, syphilitic cachexia, and in diseases 
of the medulla. In a numl>er of cases of inositnria Ralfe 
observed moderate polyuria, loss of Besh, general malaise, and 
aching in the limbs, although no tangible disease could be made 
out. Inositnria not infrequently- taltes the place of glycosuria, 
especially in tlie milder grades of diabetes or in convalescence 
from the hitter. Inositnria is also occasionally associated with 
albuminuria in Brigbt's disease. Qallois found inosite in the 
urine of T out of 102 patients examined. Of these, it occurred 
6 times in 30 cases of diabetes and in 25 cases of albuminuria. 

Detection. — 1. If a solution of inosite be evaporated with a 
little nitric acid on platinum almost to drj'ness, and the residue 
be moistened with a little ammonium and solution of calcium 
chloride, and the mixture again be evaporated carefully to dry- 
ness, a vivid rose-red or violet color arises, which is apparent 
with even 1 milligramme of inosite (Scherer). Other sugars do 
not give Ibis reaction. 



2. Aildiiliiile inercitric nitrate soltition' to a soliitiouoriuosite 
on n porcelain dJsli ; a yellow preeipitnte is produced. On Le«fc- 
ing this gently it will become red ; on cooling the color vnn- 
ieliea, but re-appears again on gently heating. Uiic acid, uren, 
starch, lactose, inannite, glycocuU, tannin, cyatin, and glycogen 
do not give this reaction. Albumin is colored red and gnipe- 
augar black, and tliererore, if present, these sUould lie removed. 

3. Inositc may be isolated from the urine, as ToUows: After 
first removing the albiimin, if present, the urine is treated with 
neutral lend acetate until precipitation ceases. It is then filtered 
and the warmed filtrate treated with siibacctate of lead as long 
as Jiny precipitate occnra. It is well to concentrate the uriue tO 
one fourth of its bulk before precipitation. The lead precipitate 
containing the inosite combined with lead oxide is collected 
after twelve hours, and, after washing, is suspen<led in water 
and decomposed with sulphuretted hydrogen. A little uric acid 
first separates upon standing awhile; the fluid is separated 
therefrom by liltralion and tlie tlltmte concentrated by boiling, 
and is treated with tliree or four volumes of alcohol while boil- 
ing. A heavy precipitate results, and llie hot alcoholic solution 
is poured otf, unless the precipitate be llocculent and non- 
adhesive, in whi,cli case it may be filtered tlirongli a heated 
funnel and allowed to cool. If, after twenty-four hours, inosite 
crystals have deposited, as is usual, in groups, they are filtered 
and washed with cold alcohol. If, however, no crystals of 
inosite have separated, ether is added to the clear, cold, alcoholic 
(lUrntc until a milky cloudiness results upon standing, and it is 
then allowed to stand in the cold for twenty-fonr hours. If too 
little ether lias not Ijeen employed, almost all of the inosite 
present is separated in the form of shining, pearly leaflets. 

Allied Substances Occasionally Found in "Urine. 

OLTCintaNIC ACID. 

ThlB aabeUnecUeloMlyalllpd toparbnhydrnteE, Its formula being C,H,,0,. 
Wben pure It Is not crjstalllue, but lis Bnbfdride fiiniu colorleu, aclculir crys- 
tali. It ts iaaoliible hi ethpr, bill soluble In water And bot Kleohol, crjBtsllUliig 

' Prepared by dlseolvlng I part of mercury 
evBporate to ane-haJf und add 1,4 parts of water. 
the clEar fluid from the basic salt. 
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out from the litter on cooling. Tbough bo cloeel; related chemluallj to the ear- 
bobydrato, It yields, with urea, decompusltluo products of au aromatic nstare, 
ai ortbonltrobeuEyl alcohol. It occurs In tho urine as a potassium salt. 
C(B(O.E. Bromine converts glycuroulc avid Into sacclmrk' aeld, Indicating Its 
cloae relatlODchIp to dciiroBC, na well an to the aldehyde i^roup. It has been 
thought' to arise TroDi dextrose In the orgaalsui, though KuIe suggested lU 
origin to be from Inoslte. 

Olycuronlc avid, of all eubBtnuces met with lu the urine, Is most Ukvly to bv 
mlBlakeD for grape -&u)i:ar, since It gives a heavy yellow or rvea red precipitate 
with cuprous oxide, reduces hismuth, silver, aud mercury ehIU, and Is dcxtro- 
rututory, 

jS^(Bnm«.— Blycuroiiic acid occur* In the urine abundantly after the ad- 
mlulstratlou of such drugs as chloral and butyl-chloral, nltroheiizol, cnni|>hor, 
carare, morphia, chluroforni, etv,, In eousequerce of which It was fonnerlj 
thought that the use of thtee substnncet eauaed the ap)ieurance of grape-sugar 
In the urine. It Bometlmss, though not frequently, occurs in tlie urine of people 
who are B|ipar(<t>Ily tu good health and are not diabetic ; so that It la Inpnrtant 
to distinguish between this coodltluD aod glycosuria. 

iUdiloH.— 1. If the urine reduce cuprlc oxide and Is dextro-rotatory, but 
falls to undergo alcohulle fermentBtloii with the yeaet Uvt, glycuroalc BCld Is 
present. 2. It may be Isolated (^001 the urine by the method of Schmledebergaiid 
Mayer, as follows ; A large quantity of urine Is decoiorlscd liy animal charcoal, 
evaporated to s syrup, and tlien digested with large quautlties of damp barium 
hydrate lu the presence of gentle heat over a water- bath. It Ie theu extr«clc>d 
wttli absolute alcohol ; glycuroulc acid and other substances are lell undissolved. 
Tha residue Is mixed with water and Altered ; more baijta Is added to the Hltrate; 
it Is again filtered, and the nitrate evaporated down over a wnter-batb. An amor- 
phous barium eotnpouiid segiaratcs out; this Is washed with water, derompoaed 
by sulphuric add ; tlie barium sulphate Is filtered off, the Illtrale 1> evaporated 
down and dried hi racuo, when cryatalaof the anhydride will be obtained, 

CANB-aUOAR. 

Alter ahnndant iisp of rane-sugnr as food, traces of It may be fniind In th« 
blood and somellmes In the urine. Pure csne-sugar possesses no leduclng power 
over eupric oxide ; hut as met with ciimmerclally It sometimes contains other 
sugars as impurities, which may cause slight reduction of the copper tests. 

Cane-sugar crystallizes In mouocllntc prisms, aqueous solutions of which 
fKiSsesa stronn; dei in v rotatory powers + T3.80. By boiling with water, or more 
readily with dilute mineral acids, it undergoes Inversion, — l.i,, li takes up water 
and separates Into dextrose and levulooe. Nitric acid oxidizes caoe-sugir Into 
saccharic arid. 

ZMMflon.— It hasbeen stat<>d thatif cane-sugar he boiled some time In water 
It undergoes Inversion, becoming glucose and levutote. With solutloua of cane- 
sugar the polariiatlon Is dextro-rotatory, hut after InvcrBion It becomes levulo- 
Totatory, beeanse the lettbanded action of the molecule of levulose produced 
~ — 100'> la only parti j neutralized by the right-handed action of the gincoae 
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OLTOOOIN. 

This substance Is found in the liver, muscles, placenta, white blood-corpus- 
cles, cartilage-cells, pus-cells, and in embryonic tissues. It has also been found 
in the urine, notably in some diabetic conditions. Pure glycogen is a snow-white, 
amorphous powder, tasteless and odorless, soluble in water, insoluble in alcohol 
and ether. Glycogen is strongly dextro-rotatory -I-2110, but does not reduce 
cupric oxide. Glycogen gives with iodine a port-wine red color ; the color dis- 
appears on heating, and re-appears on cooling. • 



SECTION V. 



ABNORMAL URINE (eontmued). 

ACETONIiRIA. 

Acetone — C;|IIgO — is a Uiin, waterj-, colorless liquid, of spe- 
cific gravity 0.792, whicli boils at 5G.5° C, ami possesses a pe- 
culiar etlierenl or fruit-like odor. It maj- be obtained in consid- 
eruble quantity' by distillation of tbe urine as well as tbe blood 
of diabetic piitieiits. Acetone is also sometimes found in tlie 
urine of cLildien apparently in good liealtli. 

Heate<t with potassium iodide and caustic potnssinm, iodo- 
form is evolved ; witli soUitions of nitroprusside of sodium and 
ammonium a rose-red color is produced. 

Acetone and aceto-acetic acid are sometimes both present in 
tbe urine, sometimes only one of tliem. Y. Jakscli liolds tliat 
acetone is a normal constituent of urine, tliongli occurring in 
minute quantity (0.1 gramme in twenty-four hours). On tbe 
other hand Le Noble holds that acetone only occurs in healthy 
urine after the use of alcohol or foods rich in proteids. Both 
acetone and nceto-ncotic acid seem to be decomposition products 
of ftllmmins. 

Clinical Signiftoance.—Acetonnria of pronounced degree 
often accomiLiiiies high febrile states, probably caused by blood 
changes which result from exalted temperatures, since acetonuria 
belongs to no special form of fever. Moreover, the amount of 
acetone in the urine in febrile conditions corresponds closely 
with the degree of temperature elevation, always rising and fall- 
ing with the latter. 

Acetonuria often occurs in diabetes melHtus, more especially 
in advanced cases. In such cases it sometimes precedes the more 
dangerous symptom of dinceturia. Acetonuria is frequently 
associated with certain forms of cancer, notably carcinoma. It 
is also observed in cases of inanition or starvation and in cer^ 
bral psychosis, especially if accompanied by great mental excite- 

(12S) 
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meiit. Actitoiiiii'iii ni:iy lusiilL IVoui excessive uec of nnimal 
foods, and this utay, in a lueasure, accoiiiil Tor its frequent 
niipenriiiice in diabetes, since such patients nie usually rest rioted 
largely to nitrogenous diet. A condition of auto-intoxication 
Willi acetone sometimes occurs, whicli is nccomprinied by accto- 
miria. This sbite gives rise to symptoms of restlessness, eieite- 
mcnt, and even delirium, but unless accompanied by diaceturia 
it lends toward a favorable termination (Jakscii), although it 
may end in coma and death in some cases. 

Acetoniiria occurs in association with the following diseases : 
Smallpox, typhus, pneumonia, scarlet fever, measles, Brigtit's 
disease, perityphlitis, and strangulated hernia, but it is never 
accompanied or followed by diabetic coma in sucli cases. 

Detection. — 1. Lieben's iodoform test, as luodifled by Ralfe, 
is as follows : 20 gi-ains of potnsaiiun iodide are dissolved in a 
drachm of liquor potassie and boiled ; the urine is then floated 
u]>on the surface of the fluid in a test-tnhe. At the point of 
contact a precipitation of phosphates occurs, which, if acetone 
1)6 present, becomes yellow and studded with yellow points of 
iodoform. 

A more delicate method of application of this test is to first 
distill a small quantity of the urine, and apply the test to the 
distillate. This test lias one disadvantage : lactic acid and ethyl 
alcohol behave with it similarly to acetone. 

2. Chaiilard'a Tent — A drop of aqueous solution of magenta 
decolorized by sulphurous acid gives, with fluids containing over 
0.01 per cent, of acetone, a violet color. Tliis appenrs in dilute 
solutions .ifter four or five minutes, 

3. Le Noble'a Test. — On adding an alkaline solution of sodium 
iiitroprusside — so dilute as to Imve only a slight red tint — to a 
fluid containing acetone, a ruby -red color is produced, which in 
a few minutes changes to yellow, ami on boiling, after adding 
acid, to greenish blue or violet. A quarter of a milligramme of 
acetone can be thus detected. 

i. Baeyer^s Indigo Test. — A few crystals of nitrobenzalde- 
hyde are dissolved by heat in the suspected urine j on cooling 
the aldehyde separates in the form of a white cloud. The mixt- 
ure is thus made alkaline with dilute sodium solution, and, if 
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acetone be present, first yellow, then green, and lastly an indigo- 
bliie color will nppcar within ten minutes. 

5. Seyjiolds's Test.— Th]s test depends upon tlie fnct that ace- 
tone promote! the soliitioii of mercuric oxide. Tbe teat may be 
conducted aa follows : The yellow precipitate of mercuric oxide, 
obtained by tbe reaction of mercuric cbloride with an alcoholic 
eoltition of caustic potnssium, is added to a smiiU quantity of 
the nrine, which is shaken and filtered. To the clear Sltrate 
ammonium sulphate is carefully added, and if acetone be present 
some of the mercuric oxide ia dissolved and a black ring of 
sulphide of mercury ap[>eurs at tbe phme of contact between the 
two liquids. 

DiACETltRIA. 

Diacetic or ethyl-diacetic acid (CgHiaOa) is a colorlesB, 
strongly-acid liquid which raises with water, alcohol, and ether in 
all proportions. On heating to boiling with water, especially with 
acids, diacetic acid decomposes into carbon dioside and acetone. 
It differs from acetone in giving n violet-red or brownish-red 
mahogany color with solution of ferric chloride. This color 
decreases at ordinary temperatures within twenty-four hours, 
and more rapidly upon boiling, in which respects it differs from 
phenol, salicylic acid, acetic acid, and sulphocyanides, 

Diacetic acid has frequently been confused with and mistaken 
for acetone. TTnder tbe influence of alkalies it takes up water 
and splits into acetone, alcohol, and carbonic acid : — 

CaHioOj+IIaO^CjH^O + C.n.O + CO,. 

If this take pince in the Mood or urine, it is probably the 
sodium salt which undergoes similar decomposition :— 
C,H,NR0^-(-2HJ,O = C^Hg0^-CJ,H,0-f NanCOj. 

" AcetOTe. Alcohol. ^'^'^K^''^^ 



This view of the origin of acetone ia supported by the fact 
that alcohol is often found in the urine at the same time. There 
are, it is true, other subatnnces in the nrine .it times which give, 
nnder certain circumstances tiio fcrric-chioride reaction, — viz., 
^-hydroxy butyric acid,suIpho- fthyo-) cyanates, acetic acid, and 
formic acid ; and, according to Legal and Hammarsten, the urine 
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or patients who have taken tballin, iintipyrin, salicylic acid, and 
embolic acid may give the reaction. IT, however, aa Already 
8tate<l, tlie urine be previously boiled, dincetic ncid still gives 
the ferric-chloride reaction, while the otiier siihstatices do not. 
Fleischer found that the snbfltnnce which gives the ferric-chlo- 
ride reaction in the urine is not tiikeu up by ether after the iirina 
is aciduhitcd with sulphuric acid, whereas diacetic acid is soluble 
in ether. Salkowski confirmed this observation, and found, more- 
over, that the urine, after boiling, did not give the ferric cliloride 
reaction. These last-named observers bold that in most coses it 
is not diacetic acid from wLiich acetone originates, but some 
at present unknown substance, possibly hydroxy butyric aoid 
already mentioned (Halliburton). 

Clinical Signifloanoe. — Diaceturia is always patbological, and, 
for the most part, it may be regarded as a symptom of serioua 
import. It is of least serious significance when occurring, as is 
not uncommon, in febrile cotiditions in children. Under suck 
circumstances recovery usually follows. In the case of adults 
it is always of more grave signiQcaiice. In diabetes the occur- 
rence of diacctuiia may be looked upon as tlie almost certain 
prelude to coma, which usually terminates quickly in death. Vou 
Jaksch, indeed, considers that diabetic coma is due to the pres- 
ence of diacetic acid in the blood, and he, therefore, proposes to 
substitute the term diacetic coma for the former name. 

Diaceturia is most common in the advanced stages of dia- 
lietos, and more especially in young subjects of the disease. It 
does not, opparently, depend upon large quantities of sugar in 
the urine, at least directly so, since the appearance of diaceturia 
is often preceded by decided diminution of sugar. 

It sometimes occurs at the height of acute fevers, and in 
ailnlts such occurrence is of grave significance. 

Diaceturia Is sometimes the index of auto-intoxication — di- 
aceiamia — aiid is accomp.inied by such symptoms as vomiting, 
dyspncea, jactitation, which shortly ends in coma and death 
without other discoverable disease or lesion. 

Detection. — This is best accomplished by v. Jaksch's method, 
as follows: Tnke a recently-voided sample of urine, and add a 
few drops of ferric-chloride solution tbereto. If the phosphates 
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be precipitated filter tliem off, and to the filtrate add a few drops 
more of rerric-chloride solution. If n ved culor is produced, boil 
a portion of tbe uriJie, and to anotlier portion add n few drops of 
Bulpburic acid and sbake nitli ether. If tlie red color appear 
but elightly ur uol at all in tbe boiled portion, and grows pale 
after twenty-four hours in the ethereiil extract, and, furthermore, 
acetone be detected in considerable quantity in tbe distillate, 
diacetic acid is present. 

CUOLUBIA. 

The biliary acids and pigments are the chief bite-elements of 
clinical interest met with in tbe aiiue. 

BILIAK? AOIDS. 

It is an unsettled question as yet if the bile-acids occur in 
the mine under physiological conditions. According to Vogel, 
Drageiidorff, Hone, and Oliver, traces of bile-acids occur in 
normal urine, although Hoppe-Sej'ler and Udraiisky hold the 
opposite view. Oliver's new and delicate metboi.1 of testing for 
the bile-ncida gives his results much weight, and it may l>e as- 
sumed that the evidence is in favor of the view that the bile- 
acids are present in minute quantities in the urine of health. 

Clinical Sisnrficance. — Dr. Oliver estimates the amount of 
bile-salts in normal urine oa about 1 part in from 10,000 to 15,000 
parts. Furthermore, in r series of observations he has noted 
that the normal percentage quantity varies with the time of day, 
reaching the maximnm during periods of fasting, as in the 
morning urine and that passed before meals; while it quickly 
diminishes after meals, reaching the minimum about three hours 
ntler food. Pr, Oliver also observed an increase of the bile-acids 
in the urine ui>on active muscular exertion; and lie suggests 
that changes of temi>erature, atmospheric pressure, use of alcohol , 
etc., also influence the degree of discharge of the bile-salts by 
the kidneys. The bile-salts in the nrine are markedly augmented 
in all forms of jaundice, and, moreover, according to Oliver's 
observations, this occurs both before the appearance of the bile- 
pigments and long after their disappearance from tlie urine. 

In so-called acute bilious attacks— i,c., biliary engorgement 
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rroin ilefcctive bile excretion — there apjwarB to be au overflow of 
the bile-elements into tlie blood, scconipanied by siicli symptouiB 
aa rocble pulse, pallor, coldness of tlic extreniilies, seneationB of 
cbilliness, slow respinitioii, nausea niid vomiting, with Leadiiche, 
and sometimes dianlioea. During tbese symptoms tlie bile-salts 
ill the urine are at first diminished, but after n time they are in- 
creased, and thereupon immediate relief from these syraptoma 
follows. 

Acute clioltemia from retention of bile-salts in the blood may 
pass beyond the ordinary bilious attack and produce the more 
serious symptoms of lowered temperature, convulsions, albumi- 
nuria, with evidences of blood dissolution such as bemo- 
globinnria. 

Hepatic congestion, early cirrhosis, and malarial ]K>isoning 
nre nccouipanied by increased elimination of the bile-acids in the 
urine, more especially if accompanied by constipation. Dr. 
Oliver has noted excess of the bile-acids in the urine in carci- 
noma, amyloid disease, enlargement of the liver, cirrhosis, and 
in hepatic tumors. Choluria always follows a rise of temperiu 
ture, ftnd in high fevers the increase of bile-acids may reach 400 
per cent, above the nornml range. In splenic leucocythiemia, 
anemia, htemoglobinuria, and scurvy a large excess of the bile- 
acids appears in the urine. Lastly, Dr. Oliver has noted 
a decided and persistent decrease of the bile-ncids in the urine 
in cases of chronic interstitial nephritis, — granular kidney.' 

' In view of the facl tlist nearly all ailvsnced rhemico-phjtiologjsis nre iiow 
agTPwl that Ui« liver c(nistituu« the cb\eC agent of destrucClnn of tlinB« >ut>- 
itaacw vUcli we know lo be auto-lnloilcanla to [he oi^anlsm, Dr. Olivvr's 
explanation of the hepatic origin of certain B<rinptoniB leema to the author Ttutlf 
more Kaaonablo than tbo cxplanatloa of many of the lame symptom* by Hal|['« 
nric-arld theories. Tbe author ha« searched In vain among the cUmIc expcri- 
tnouts nf Bouchard, as well as others, for proof that uric acid la [d any way toxic 
In the orgiuiam, even when Injected Into the blood In the CDormnos dose of 0.04 
p'anime per kilogramme of body-weight. On the other hand, the bile-salts are 
Utiie in almost Influltcslmal doses ; they are not only toxic, but in aqneout aolu- 
tluneof S perceut. (Ae(/ tlllll(llogrammeor«clght,- the cholit«or>odluni In doM 
of M coDllgnuunies, and chelate of polnsalum In dose of 4B centigramme*. The 
enormous loiic power of bile, ae a whole, may be Jud|^d from the followlug 
sUti-ment of Bouchard as a result of direct experimentation : " We mast conclude 
that during twenty-four hours a man makes, by the activity of hl« liver alone, 
eooogh poison to lilll three men of hia own welglit." 
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Detection. — 1. Pcttt-nkoffer's mttbod is aB follows: Thetiriiie 
is mixed wilU coiiceiit rated siilplmric acid, taking care tlinl the 
tempeifttiire does not rise liiglier tlinn 60° to 70° C, Tben a 
lO-per-ceut. boIuMod of cauc-siigar is added drop by drop, con- 
tinually Htirring with a glass rod. The presence of bile-acids is 
indicated by tbe production of a iaeautifiil red liquid, tbe color 
not disappearing at ordinary temperature, but becoming more 
bluish violet in the course of a day or so. This red liquid ebons 
a spectrum with two absorption bauds, the one at f and the 
otber between B and E near E. 

This test fails if the solution be heated too high or an im- 
proper quantity— usually too much — sugar be added. In the 
last case the sugar carbonizes and tbe test becomes dark brown 
or brown. The reaction fails if tbe sulphuric acid contains sul- 
phurous auid or the lower oxides of nitrogen. Since many other 
substances, such as albumin, oleic acid, nniylalcohol, morphiue, 
give a similar reaction ; in doubtful cases the spectroscopical 
examination must not be omitted. 

If the urine be icteric and of pronounced color, the bile-acids 
must lirBt be isolated from the urine by Hop|>e-Seyler'B method 
before applying the above test, as follows : Strongly concentrate 
the urine and extract the residue with strong alcohol. The 
filtrate is freed from alcohol by evaporation and then precipitated 
by basic lead acetate and ammonium. The washed precipitate 
is treated with boiling alcohol, filtered hot, the llltratc treated 
with a few drops of sodium solution, and evaporatetl to dryness. 
The dry residue is extracted with absolute alcohol, filtered, and 
an excess of ether added. The amorphous or, after a longer 
time, crystalline precipitate, consisting of alkali salts of the 
biliary acids, may then be submitted to the above-described teat. 

2. Dr. Oliver's meihod of detecting the bile^icids is moat 
sensitive and simple. The principle of this method depends 
upon the physiological fact that such products of gastric diges- 
tion as peptone and prr>[>eptoue are precipitated in the duodenum 
by contact with the bile-acids. Therefore, since peptone in an 
acid solution, as the urine, ie precipitated by the bile-acids or 
their derivatii'es as cholate of sodium,' an acid solution of 
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peptone may be used as a lest for tlie bilt-.iioiiia. Tlie following 
IB tlie rormulH fur tbe teet solution : Fiilveiisuil peptone (Savory 
nnd Moore's), ^ns; a:tticjlic acid, i grains; atietic acid, 3s8 ; 
distilled water to 8 ounces. To be filtered repeatedly until 
rendered transparent. In testing, tlie urine must be perfectly 
uleansed, if not already so, and rendered acid if it be iilkalinc or 
neutral, and tbe speujfio gravity reduced to 1008 if it lie above 
it. To 60 minims of tbe test solutiou 30 minims of tlie urine 
are added. If bile-acida be present in normal amount, tbere 
will be no immediate reaction visible, but shortly n alight tinge 
of milkiness will be produced. If in excess, a distinct milkinesa 
at once appears, becoming more intense in proportion to the 
quantity of bile-auids present. On agitation the opalescence 
diminishes, and may even disappear, but it I'elurna upon the 
addition of more of the test solution. On this fact ia based an 
approximate quantitative test, for which is prepared a standard 
Bolution by adding equal parts of test fluid and normal urine 
diluted to speciBc gravity 1008. Any urine requiriiig 60 minims 
or more to bring its opacity up to that of the standard does not 
contain an excess of bile-acida. 

Dr. Olivkh's 8Tisr>i«ii Tahle, 

MUIW. Onf- Ui>N«inil. I MlBlmi. Pri>|ii. On NihiuJ. 

1 or S = 6U00 , au (ir M ^^ mO 

B or 4 = 3000 35 or .W = 340 

S or S = 3(KHI 30 or UU = 100 
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Percentage increase over 700 above the normal ia rarely 
encountered. With the above test Dr. Oliver detects 1 [mrt of 
bile-salts in 18,000 or 20,000 piirta of sodium-chloride solution. 
If careful attention bo paid to details in preparation of tbe 
urine, nothing aa yet found in nrine interferes with tlic test. 

BIUABT PIQMBNTS. 

Bile coloring matters appear in the urine in a number of con- 
ditions. Tbe urine in anch cases is always abnormally colored, 
— ^yellow, yellowish brown, deep brown, greenish yellow, green- 




Ub brown, or evea nearly pure green. On sUaking the urine it 
froths and tlie bubbles are yellow or yellowisli gveen in color. 
The niorpliological elementa of the seilimeiit oRen take the color 
of the nlinoniml pigment in the urine. 

Clinical Signlfloance. — The Ijiliary pigmcuts are met with in 
the urine in jaundice, from wimtever cause it nriaoa, but moat 
commonly, perhaps, when due to obstruction of tlie bile-ducls. 
Ill Bucb cnaes the bile-elements make their tvay into the 
lymphatics ami the general circulation and are eliminated by 
the kidneys. The bile-pigments .appear in the nrine several 
days Iwfore the icteric coloration of tlie skin is perceptible, and 
therefore they may sometimes be taken as a prognostic of the 
approach of jaundice. 

The biliary coloring matters are also foimd in the urine in 
numerous pathological conditions of the liver, in which icterus 
may or may not be present also. They may also appear in the 
urine as a result of blood changes, and after hEcmorrhtige into 
the tissues; and in such cases they are derived from their 
primary source in the blood Itself. Lastly, bile-pigments in large 
amounts always appear in tUe urine in cases of phosphorus 
poisoning. 

Detection. — 1. Omelin^s method consists in introducing a 
column of strong nitric acid, containing a little yellow nitrous 
acid of commerce (HNO^ -|-N0^) into a test-tube, and upon this 
gently floating a column of similar depth of urine. In the zone 
between tbe fluids appears from below upward the colors green, 
blue, ^'iolet, red, and yellow. The green is most predominant, 
while tbe blue is most iudistiact or sometimes absent. 

(a) In Rosenbach's modiflcation of this test the urine is HI- 
tercel through a Sue, thick tilter. After filtration n drop of 
nitric acid containing a little nitrous acid is applied to the inside 
of the filter. A pale-yellow spot will be formed, which is sur- 
rounded by colored rings which apjiear yellowish red, violet, blue, 
and green. This modification is verj' delicate, and it is hardly 
possible to mistake other coloring matters for the bile- pigments. 

(6) Driigendorfl' has adopted still another modification of the 
above test, which consists in placiug a little of the urine on a 
plaster-of-raria disc, and, when nearly absorbed, a drop of nitric 
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acid is allowed to fall on the moiHleDed spot. If the bilo-pig- 
nieDts be present a. ring forms about tLe acid drop, in whictl i 
green is predominant. 

2. Hiippert's te»l detects the faintest truces of bile-pigment 
in tUe nrino. The nrine is treated witli lime-water, or first with 
some OaCI, sultitiuii, and then with a solution of sodium or am- 
monium eiirhonate. The precipitate, consisting of bile- pigments, 
may be sliakeu out with chloroform after washing in water, and 
after acidification with acetic acid. The bilirubin is taken up by 
the chloroform, which is colored yellow thereby, while the acetic- 
acid solution is colored green by the bilirubin. 

The lime-ptgmcnts may also be used directly for Omelin's test 
in the following way*: Spread them on a porcelain dish in a thin 
layer, and add a drop of nitric acid. The reaction usually appears 
very beniitifiil. 

3. UlUmann's test consists in treating 10 cubic centimetres 
of the urine with 3 or 4 cubic centimetres of concentrated caustic- 
potash solution and then acidifyintr with hydrochloric acid. The 
urine will turn a beautiful green color if the bile-pigments be 
present. 

Indoxyl-sulphurio Acid. 

IndoxyUsulphuric acid (C,H,NSO,), also called urint in- 
dican, and formerly known as uroxanlbin, occurs in normal nrine 
as an alkali salt, whose properties have been fully considered in 
Section II Indoxyl-sulphuric acid is derived from indole, which 
is first oxidized in the system into indoxyl and then is united 
with sulphuric acid. Indole is formed by the putrefaction of 
proteids, and hence the quantity excreted by the kidneys is 
greater upon a ment than upon a vegetable diet. 

Clinical Signiflcanoe. ^Variations in the quantity of so-called 
indican in tlie urine occur within comparatively narrow range in 
health; but in certain pathological conditions the bicreaae be- 
comes very marked. Clinically, therefore, an increased excretion 
of this substance by the kidneys is observed in Addison's dis- 
ease, cholera, carcinoma of the liver, chronic phthisis, centnd 
and peripheral diseases of the nervous system, typhoid fever, 
dysentery, acute general peritonitis, multiple lymphoma, fetid 
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bronebitis, ichorous pleural esudatioriB, diabetes mellitiis, as well 
an in a. number of others. 

In obstructive diseases of the small intcHtiiie its excretion 
is sometimes enormously incrctis^d, owing probably to tlie favor- 
able conditions for the absorption of indole. TUfi simple ob- 
struction of the colon does not canse its inorcase in the urine. 
Obstruction of the large intestine, only when it causes consider- 
able disturbance in tbe motion of the contents of the upper 
ileum, gives rise to its increased excretion by the kidneys. 

In general, it has been considered that the ap]>eai'ance of targe 
quantities of so-called indican in the urine implies that an abun- 
dant albuminous putrefaction is progressing in some part of the 
system. Thus, in pleurisy it indicates a copious, unhealthy exu- 
dation, and in peritonitis it may be taken as an evidence of the 
formation of unhealthy pus. The putrefaction of secretious rich 
in albumin in the intestines explains its increase in the urine 
during starvation. 

Detection of Urine Indiosn. — Jake's method consists in mixing 
10 cubic centimetres of strong hydrochloric acid with an equal 
volume of urine in a test-tube, and, while shaking, add drop by 
drop a perfectly fiesh, saturated solution of chloride of lime, or 
chlorine-water, until the deepest obtainable blue color is reached. 
The mixture may next be tiLrated with chloroform, which readily 
takes up the indican and holds it In solution, and the quantity 
present may be approximately estimated according to the depth 
of the color. If the urine contain albumin it should be removed 
before applying this test, otherwise the blue color, often arising 
ft-om the mixture of hydrochloric acid and albumin after standing, 
may prove misleading. 

2, MacMiinn's Method. — (a) Equal jiarts of urine and hydro- 
chloric acid with a few drops of nitric acid are boiled together, 
cooled, and agitated with chloroform. The chloroforni becomes 
violet if much indican be present, and shows an absorption 
band before D, line to indigo blue, and another after D, due to 
indigo red. 

This method is more trustworthy than Jaflb's, because chlo- 
ride of lime destroys small quantities of indigo. 

(6) A rough, approximate method may be employed upon the 



Toiegoing priuciple, as Toliows : Poor 4 cubic cetitiinctres of hy- 
d I'oc 111 oric acid into a small fiask,an(t while atirring add from 10 to 
20 drops of ui-ine. If the jtroiiortion of indican be about normal 
the resulting color (fill be rather ligbt-yellow j if in excess the 
ncid will turn violet or blue— the more intense will be the color 
in proportion to the quantity of indican present. If no color- 
atiou appear aflcr waiting a minute or two the indican is not in 
excess, however deep a color may subweiiueutly appear. 

If 2 or 3 drops of nitric acid be added to ibe test, us in the 
original method, it becomes more dt'licate. (See also page 43.) 

The Diazo Reaction m Ukine. 

The diazo test was suggested by Ehrlich, in 1S82, as a valu- 
able diagnostic measure in typhoid fever, although he admitted 
the occurrence of this reaction in a few other conditions shortly 
to he considered. 

The diazo reaction depends upon the fact that if aiilphanilic 
acid (aniidosulphobenzol) he acted upon by UHO,, diazosulpho- 
benzul is formed, which unites with certain aromatic substances 
occnsionally present in the urine to form aniline colors. 

Dr. Friedeuwald has recently reviewed the literature of this 
reaction,' and shown that many of the contradictory resnits 
obtained by souie observers are due to failure in carrying out 
Ehrlicli's methods in performing the test, which is best accom- 
plislied as follows : — 

To obtain diazosulpbobenzol in a perfectly ft-esh condition, 
sulphanilic acid is ke|>t in solution with hydrochloric acid ; to 
this sodium nitrite is added, whereupon HNOj is liberated and 
diazosulpbobenzol is formed. 

Process. — Two solutions are prepared, as follows : — 

1. Two grammes of sulphanilic acid ; 50 cubic centimetres of 
hydrochloric acid; 1000 cubic centimetres of distilled water. 

3. A t).5-per-cent. solution of sodium nitrite. 

In performing the teat 50 parts of No. I and 1 part of No. 2 

are mixed, and equal parts of this mixture and of the urine in a 

testr-tube is rendered strongly alkaline with ammonium. If the 

reaction be positive the solution assumes a carmine-red color, 

> New York Medical Jonnul, December 33, 1803. 
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which on shaking must alao npiienr in the foam. Upon standing 
for twenty-four hours & greenish precipitate is formed. 

The test must not heuonsi'lered positive unless a distinct red 
coloration extends to and includes the foam on shaking. 

Clinical Signifloanoa. — Ehrlicli's original claims for the diazo 
reaction were as follow : — 

"I. The reaction is most commonly found in typhoid fever 
from the fourth to the seventh day and thereafter, and if the 
reaction he absent the diagnosis is doubtful. 

" 2. Cases of typhoid fever characterized by faint reaction and 
occurring only for a short time may be predicted to be of very 
mild type. 

" 3. The reaction is occasionally noted in phthisis pulmonalis, 
but only in cases pursuing a rapid course toward a fatal ter- 
mination. 

" i. The reaction is sometimes, but not often, observed in 
cases of measles, miliary tuberculosis, pysemia, scarlet fever, and 
erysipelas. 

"6. In diseases unaccompanied by fever, as chlorosis, hy- 
dnemia, diabetes, diseases of the brain, spinal cord, liver, and 
kidneys, the reaction is always absent." 

Tlie weight of clinical evidence strongly coiiGmiB all of 
Ebrlicb's original claims for this reaction, but more especially so 
with regard to typhoid fever and pulmonary tuberculosis ; if 
present in the latter disease any length of time, the prognosis is 
very unfavorable. 

^-OxTBUTTRic Acid (C^HgOj). 

This acid forms an otlorlesa syrup which is readily miscible 
with water, alcohol, and ether. It is an optically active sub- 
stince, being, in fact, dextro-rotatory; so that it interferes with 
the estimalion of sugar in the urine bj' polarimetry. It is noti- 
precipitnble by lend acetate and ammoiiincal basic lead acetate. 
On boiling with water in the presence of a mineral acid, it 
decomposes into a-07'0tonic acid — which melts at 12° C. — and 
water. It yields aceton upon oxidation with chromate mixture. 

Clinical Significance.— The appearance of hydroxybutyric 
acid ill the urine was lirst demouslrnted by Minkowski, Kulz, 



and Staclelmann. It is usually ac-ooiii|>anieil by dincetic acid in 
the uriue, and sonietimes by aceton. It is especially noted in ttie 
urine in severe or chronic cases of diahetes mellitus. It has 
also been observed in the urine in oises of measles, scurvy, 
Bcnrlet fever, and in diseases of the brain. Aside from these, 
little is at present known of its citoical relations. 

Detection. — 1- If a nrine be dextro-rotatory after fermenta- 
tion witli yeast, it is strongly probable that hydroxy butyric acid 
is present. 3. Kulz'n method consists in evaporating the fer- 
menteil urine ton syrupy consistence, and, after tlie addition of an 
eciual volume of concentrated sulphuric acid, distill directly with- 
out cooling; a-crotojiic acid is produced, which is distilled, and, 
after strongly cooling, the distillate is collected in a glass; crys- 
tals which melt nt + T2° C. separate. If no crystals be obtaiincd, 
then shake the distillate with ether and test the melting-point 
witli the residue, which has been washed with the water obtained 
after evaporaUng the ether. 

Ptomaines and Leucomainb& 

The term plomnine was origiiinlly used to designate those 
products of putrefaction wliich give the reaction of vegetable 
alkaloids and possess more or less poisonous characters. It has 
since been found that similar alkaloids are formed during the 
life of animal organisms ; these are termed leucomaines. I'to- 
maines, or putrefactive bases, are transition products of decom- 
positiou; or, in other words, temporary forms through which 
matter is being transformed from the organic to the inorgnuic 
state by means of the action of bacterial life. They are chem- 
ical compounds of a basic nature, and their deep interest and 
importance in the field of modem medicine may nt onoe Ite per- 
ceived from the fact tliat they constitute the chemical factors in 
the causation of all iufectious diseases. 

It has been erroneonsly supijosed that all ptomaines are 
highly poisonous; l)ut not only are many of them inert, but it 
may be stated that the majority of them isolated to date do not 
produce harmful results to the organism in ordinary quantities. 
On Ihe other hand, some of them are highly toxic, and such 
Brieger first proposed to designate as " toxins." 
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ABNORMAL 

Ptomnines renvmblc vegetable alkaloids in tlint tliey nil con- 
lain nitrogen as the chief element of Ibeir basic cliaracter. Some 
of them aUo contain oxygen, eorresponiling to Lite vegetable 
fix<.'<l alknloidi^, while those devoid of oxygen correspond to the 
volatile alkaloids. 

Sdmi was probably the first — in 1880 — to claim tliat the liaaic 
sul>st;inces formed in the organism during pathological changes 
otU'ii apiieared in the nrinc, constituting an index to tlie pntho- 
lo<;iuJ condition of the patient. He demonstrated, in the urine 
of a patient with progressive paralysis, two bases resembling 
■iiiciitine and coiieine. Since then Bouchard, Villiers, Lupine, 
Oaiitiur, and others have demonstrated the presence of a few 
other basic products iu the urine in other diseased condittona. 
It is now well known that the urine in certain diseases, as 
cholera and septiciemia, is decidedly tosic in character. Bouchard 
Chavrin, and Ruffer have proved tlint bacterial poisons generated 
in the system through disease can be excreted in the urine. 
They produced immunity to the action of the bacillus pyocy- 
aneua upon animals by previous injections of nrme of animals 
inoculated with that bacillus aa well as with Altered cultures 
thereof. Unfortunately, as yet these investigations have not 
I)een puahcd to sutUcient completion to furnish much practical 
data in reference to infections diseases, since but few bacterial 
ptomaines have yet been isolated from the urine. The impor- 
tance, however, of this comparatively new field of umnalysis 
can scarcely be overestimated, since it is strongly probable that 
careful investigation of the urine in this direction may throw 
im]K)rtant light upon a large class of diseases. 

It only remains here to refer to the few ptomaines which have 
been isolated from the urine, and the methods by which this hns 
been accomplished. First, with regard to normal urine, much 
difference of opinion prevails as yet in reference to the presence 
or absence of alkaloidal toxins. When through defective renal 
action the lencomnines Iwcome retention products, they at once 
assume immense importance in the chemistry of the urine. The 
researches of Ponchet strongly confirm the j)reBence of toxic 
alkaloids in normal urine; while, on the other hand, Villiers 
denied their existence, claiming that the observed physiological 
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action is wholly due to tUe presence of potassiiim salts. Siuce 
we know thut losius of an nlkaloidat nature (leucomaines) are 
fonued iu the organiam through tissue metabolism, and, further- 
more, that the urine constitutes at leust one channel of eBca[>e 
for similar compounds, there seems no reason to doubt their 
pi-esence in urine; at least, in minute quantity. Bouchard, 
Unenn, and Li^piue have shown that at least that which has been 
taken for these cumpoutide is greatly increased in the urine in 
pathological states. 

Wltli rpf unl to the lenlnCed ptoDialaes, Baniuitnn axiiS UdrHiieky separated 
leverfll basfo drriTHticua, uiiuugBt them cadaferin, /lutrfciH, and ■ tauM 
amount of a third tue Trom the urine o( a patient sufTcrliig rrum I'alairbal c;a- 
tll[a ; normal urine being round Tree from tbeec Babstancea. 

iUrofln— C,H,,N,— la closely related to cadaatrin, lince they Dearly 
alwayt occur togctlior or alternately Trom llie eame M>urce. Brle^r obtalued It 
Itom putreiyinj; bomui vUcera after exposure of (Void ttiree daj« to tbree weeki 
■t ordloary temperatures. 11 liaa b*en obt^ned froin herring (twelve dayi' ei- 
po«ure), Trom pike (hIt dayt' ei|>ofiurc), Irom haddock (two tnoutbs' expoiure}, 
and from dceaylng muBtel (ilxtceu day*' eipucurv). It la eipeclally abaudant 
In cultivations of comlna or uhok'ra bacillus, anil hence it is belivvi>d tliat aub- 
■taucei almliar U> palretcin are the true chemical poisons In cbolera. Fntitiein 
has been isolated from the urine In CMM oT cystlnuria by several otwervers since 
Briefer's Bnt discovery. U Is loilc to tbe organism, but Its tetra- methyl dcrlva- 
Uoii Is Incomparahiy more so, causing symptoms oT salivation, dyspniea, coutrac- 
tlnu (if tlia pupils, muscular paralysis of ibe limbs and trunk, ejaculation of 
Biimeii,drIhblin|;of urine, and violent convulsio us. 

Cailaeertn — CiITifN, — appears In decomposing; tisanes usually before the 
McurreucB of pufivisin. Brle^r obtained It from putrefjlng heart, liver, 
lungs, elc., at ordinary temperatures, in tbree days' eiposure ; from putrid 
mussel III sIxleCD days. Llke;iiilret<^n, it Is a constant product of comma bacil- 
lus upon any soli upon vhlch tbey may be cultlvaied. Cadmtrin Is a cooitant 
associate — pcrbaps a product — of the activity of vibrlona, since it never occurs 
In cultures in whith this genua Is absent. It is therefore absent from both nor- 
mal and typhoid stools, as noil as from cnltures of the bacillus of Emmerich 
and Ebertb. Both inilivteSn and eadaiieriti may be obtained from the urine of 
cyttlnuria by pivci]>Ilatlon nlth benzoyl chloride (Baumann'i method). 

7Vln«(AyIam(»e--C,H,N— has been found In human urine. Tlils base occurs 
both 111 aulitisl and vegetable tissues. It has been obtained from er^t, the blood 
of calves, herring-brine, in the putrefaction of yeaat, In cheese, in human liver 
and spleen (two (o seven days' enpoeure). In perch (sli days' exposure), in 
cultures of Mrcptomeau pj/ogenti on broth and blood-serum. Jt is not a violent 
tnilu, large doses being required to markedly disturb the system. 

/lcfl(lfi—C,II,, NO,— Is a well-known base, the product of cotton-seed, beet- 
juice, liirtilp, vetch-seeds, etc. It has been found in the urine by Llebrlch. 
This base Is of DO patliologlcal signiflcauce, since it Is uon-toxlc to the organism. 



ABNORMAL CONBTtTUENTB 01* UBINE. 130 

Jskicb, wbo bai studied tlio aabject of baalc dcrlTBtlTeB of the nriue, both 
□orTDBl BOd patbologlcal, flndi IhM, wbfle Dormal urine and that of ■ome d<£«Bw!i 
hold tliGSG suliBtancss only lu niliiule quantity, in ceruln other morbid italea 
this ainount Is very couBldorablc. He makn the following BuggntlonB u ft 
guide Tot luTeBtlgatUm tn thU field of nork : — 

Id the Srit plaee, he aaggeala that it would be well to follow the example of 
Briefer, Baumann, and Udrathy In withholding the name alkaloid* from the 
bodies diamb4tt, wbicb are derived from the ejslvni under morbid condiUoDB, 
becaaae all that have been recogniu-d a> yet are limply dkiDttua, and do Dot ex- 
hibit the I'hai'uelrrlBlii.' jiropprLj uf alkaloids, viz., the pyridiu rvllcle. In the 
■eeond plnce, it is dt'Blrable to discriminate between the physlologlcai buet of 
the urluecrentlnlD, reduclu.ete., wblub beloDg to normal urine, and those which 
are auoeiBt4.-d only witii certain diseased stales, ll is not intended lo Imply bj 
thi* that the pby8iolo(>[i'»l base*— (nBomoinn—cnn not under uuy clri'umstaucet 
glTe rise to diseased or poisonous symptoms. On the contrary, It Is highly prob- 
able that rt'tdntlon, and etltl more the Increased formaUon of such products, 
under certain circumslBuccB may luducu very grave symptoms, and even greatly 
Imperii the life of the patient. Again, It seems probable tiiat lu certain acute 
diseases, speelflc substances or a toxic nature, not present In normal nrlne, may 
be excreted with that aolil. 

Jakscb makes the TolloniDg sagjitesClve ciasslfleallon of the subject : — 

(u) Clinical (morbid) symptoms depending Ujmn retention of tlie phytlo- 
logleal basis. Under Ibit bend would como urxmls aud certain or the symptoms 
of olntructlon — rilaittun lozieotii, 

(ti) Cltnlcnl symptoms referable lo the presence of basic products wbicb are 
Ibund In tlie Byslrm (blood, etc.) In disease and eliminated with the urine — fumo- 

(a) Clinical symptoms which are caused by the formation of toxie basic sub- 
stances from morbid matter, such as patbotogtcal fluids lodgrd In certain patU 
of the organism. Such bases being: atisorbed give rise to symptoms of severe 
pcilsoulng. Under this head would come the collective symptoms oF ammo- 
nl^mla, and others which follow the absorption of gangrenous pua — aula-IOTtfoiit. 

(d) Cllnii:al symptoms, and consvquptitly morlild types Induced by the acUon 
of toxic bases taken Into the system with the food, sncb as the poison of sausages, 
cheese, canned fruits, etc., etc. — exogtnie loxinnit. 

DrrarTtos.— A number of methoda are In use Ibr (be detection and IsolathMi 
of these bases, the more prominent of which are those of Dragcndorf, Stas-Otto, 
Brltger. Osutler, and Etard, Since all of these metliods are somewhat difficult 
and tedious, only the most suitable methods for uratialysls will bcre be described. 
For such purposes Brieger's method serves best ; but In some cases it Is Important 
that the nrluu be first concentrated In vacwi. Sufficient hydrochloric acid la Bnt 
added to render the urine acid, and the mixture is tbcn twiled for a few minutes 
and SItereil. The flltrale Is coDcentrate<l at llrst over a Dame, and subseigueutly 
over a water-bath, lo a sympy consistence. 

In consequence of tbe Instability of the bodies sought, It is advisable to 
evaporate tn Mtrumji and at the lowest possible temperature, more especially so 
If the urine be foul. 

The thick fluid la next mixed with il6-per-i:ent. alcobol, filtered, and the 
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X treated wl til a warm aliobnKc eolullon of lead BiM?Iate. Hie resiittlnit !e 
precipitate la rcmnied by BliratluD and tlie flltratti conc^L-ntrated — prererabl; fit 
mmo — to a syrup, and a^ln loheti up Id 90-per-cent. alcoljol. Tlie alcoliol la 
urxt evaporated, and the reaidue, dlssDlved In water, ts freed from lead by the 
adclitlon of lulphucetted bydrngen and BItratlon. Tbe nilriLte Is at^ldlSed with 
hydrochloric aeld and ovaporaled to a Bjnipy coDBlBlence, It Is then dltnteil 
Kith alcohol, and alcoholic Mlutlon of mercuric chloride Is added. Tbe reaultlug 
pro'lpllatc Is boiled la water, and certulu ptomaines may rrparate at this stage 
In conaequeDce or different solublUtio* of Ibc double aalte of mereurj. The better 
to secure tbia, the preelpltate may be treated successively wltb water at parlous 
tcmperatiirPS. Should It t>e thought that the lead precipitate may have retained 
some of tbe ptomajues, It may be saapeiided in water, the lead eODVerled Into 
■niphlde, and the Duld treated In the mnnuGr Just described. 

Tbe solution obtalued as above U filtered, freed fj^m mercury, and evapo- 
rated ; the excess of hydrothlorlc arid Is carcrnliy Deutratlxed with sodium 
carbonate (the reaction bi kept feebly aeld), then It Is agalu extracted with 
alcohol lo free It Trom InorKaalc ult«. The alcohol la evaporated, the rcildue 
dlaiolved In water, the remaining traces of hydrochloric acid DeutralUed with 
sodium, the whole acidified with nitric acid and treated with phosphomolybdlc 
ncld. The phospbomolyhdate double conpound Is aepanilcd by filtration and 
dDconiposed by neutral lead acetate or, mure readily, by heating over a water- 
baMi. The lead Is next removed by meaiig of suljiburetled bydropen (hydrogen 
sulphide}; tbe filtrate la evaporated to a syrupy consistence and taken up with 
alcohol. Several ptomaines are thus separated as bydrochlorates, and may be 
obtained in the form of double salts of gold, or platlnic chloride, and of pturlc 
add. The chloride of the base la obtained by removing the metallic base liy 
precipitation with aulphuretted hydroi^n, while the picrate is taken up with 
water, acidified with hydrochloric acid, and repeatedly extracted with etber 
to remove the picric acid. The last etep la (o ascerUIn ir nny plomnlnM remain 
In the phosphomotybdlc ncld filtrate n Her precipitation of the phoepbomolybdic 
acid. 

Brieger has ohlalned some of his ptnnialnes by • simpler modlfleatloD of his 
above complete method. Thus he has obtained nturodtn by treating the aque- 
ous extract of the organic matter, after t>ollllig and filtration, with mercario 
chloride, collecting tbe precipitate. decompoalnK it with sulphuretted hydrogen, 
evaporating the flilrnte over a waler-bath, and extractlni; the baM with alcohol. 

Properties of Animal Bases. — 1. Tliey all hiive an alkaline 
reaction. 

2. They are insoluble in water; soltible in acids forming 
compounds ; [trecipitntod from stich compounds by ammonium. 

3. Iodine and potassium iodide give a brovm, flocouleiit 
precipitate. 

4. Potassio-merc uric-iodide solution produces flocculent, 
yellowish-white precipitates, insoluble in acids and dilute altia- 
lies, easily soluble in alcohol, and generally, also, in ether. 
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5. Itxlide of bismuth and potassium give oriiDge precipitatea 
ill solution acidulated with dilute sulphuric acid. 

6. I'boBphomolybdic acid gives a bright or brownish-yellow 
[irecipitate, insoluble in water aiid dilute mineral acids. 

7. MetatungBtic and phospliotungstic acids give a white, 
Hocculent precipitute, with difficulty soluble in water and dilute 
acids. 

8. Tannin in neutral or feebly-acid solutions give yellow or 
white precipitates with most ptomaines. 

9. Chloride of gold gives a yellow or yel low isb-w bite precipi- 
tate, either pimorphous or crystalline. 

10. They are all oxidizabic and unstable, especially under the 
influence of an excess of mineral acid, which colors them red and 
then converts them into a resinous mass. 

11. Picric acid precipitates most of them, the color of the 
precipitate usually Ircing pule yellow. 

12. The animal buses are energetic reducing agents, decompos- 
ing chromic acid, iodic acid, and silver nitrate. With potassium 
ferrocyauidc and ferric chloride they give Prussian blue. This 
was formerly considered to be characteristic of the animal alka- 
loids, but it is now known that many vegetable alkaloids give 
the same reaction, and a few of the animal alkaloids (especially 
those containing oxygen) do not give it. As yet there ia no 
known class rcadion by which the animal basis can be separated 
from those of vegetable origin. 



TOE URINE AS A TOXIN. 
It has long been generally believed that normal urine is an 
auto-intoxicant. The well-known fact that suppression of the 
urine is invariably followed by certain uniform toxic symptoms 
ending in death seemed to leave no further [iroof of the truth of 
this belief necessary. It was not, however, until a comparatively 
recent period (1S81) that Fcltz and Ritter first demonstrated the 
actual toxicity of normal urine by injecting it into the blood of 
animals, thereby invariably invoking symptoms which were fol- 
lowed by death of the animals when the dose approached a certain 
relative amount. These ex|)eriments were soon after repeated and 
conllrmed by Bocchi, Schiller, and others. Two or three years 



ANALYSIS OF UKINE. 

later Dupard, L^pioc, and Oui^riu tsUblished tlic siwcial toxicity 
of certain patLologicAl urines wbich has since been confirmed by 
niimeroita observers. 

Following the reseiirches of Feltz and Hitter, Bouchard 
commenced tbe invetitigatioti of the toxicity of normal urine, and 
very recently Lenoir gives a complete review of this subject, as 
does Cliarrin. The method of investigaliou pursued by Boii- 
chnrd' consisted of intra-vonona injections of urine in animals 
(chicHy rabbits), and the results would seem to have established 
the following conclusions: — 

I , That the toxic power of normal nrii 
an average of 45 cubic centimetres of uri 
living animal; and, therefore, the urine of two days and four 
hours contains sufficient toxic matters to kill a man of 60 kilo- 



s such that 
e kills 1 kilogramme of 



gram 



igbt. 



2. Tbe tosic symptoms induced by intra-venous injections of 
urine are as follow : (o} Myosis ; contraction of the pupils begin- 
ning with the injection of 10 cubic centimetres to lb cubic centi- 
metres of urine per kilogramme ; the pupils contracting to pin- 
hole size, and thus remain until after death, after which thoy 
sometimes dilate, (b) The respirations become bastcned and of 
diminished range, (c) Somnolence and coma follow, (d) Diu- 
resis becomes marked, micturition occurring every two or three 
minutes, (e) Marked lowering of temperature succeeds. (/) Di- 
minished palpebral and corneal reflexes are present, (g) Death 
succeeds in coma or convulsions, (A) The heart continues to 
beat for some time after death. 

3. The toxicity of the urine varies with certain circutn stances, 
viz.: (nj The urine is twice more toxic during the day than 
during the night. (6) The night urine is strongly convulsive 
and but feebly narcotic, while the day urine is the reverse, — 
strongly narcotic, but feebly convulsive, (c) Active muscular 
exertion in the ojjen air diminishes tbe toxic power of the urine 
one-third, and this diminution of toxicity continues for from 
twenty-four to forty-eight hours after cessation of the exercise. 

4. The toxicity of the urine is not due to urea, uric acid, or 
<Aula-InloxkBtlnn tn Dlseuc, Ch. Bourbard, Trrtuilited bj T. Oliver. 

Fubllihed b; Tbe F. A. Davis Co., Flllndelpbla, 18H. 
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creatinin, since the iujection of Ihesc etubstanues into Uie blood 
in much largt-r pro|)ortloniil aiuoiintB thun tbose in wliicb they 
exist in uomial urine proves non-toxitJ. 

5. Tlic tonicity of urine increaseB by permitting it to stand 
some time, as well as by increnaing its tempemture, even tboiigh 
fLTineiitation be prevented. By tliia means a urine that ordi- 
narily kills by coma becomes not only more toxic, — killing in 
smaller doses, — it also chuscs convulsions instead of coma. 

6. Tbe following facts are brought out regarding the isolation 
of the toxic elements of the urine ; (a) If the urine be decolor- 
ized by charcoal it deprives it of about one-third (33 per cent.) 
of its toxiu powers. (6) An aqueous extract of the urine 
(containing t-hiedy tbe mineral elements) ciiuacs contraction of 
the pupils, convulsions, and lowered temperature, but no coma, 
diuresis, or salivation, (c) An alcoholic extract of the urine 
produces somnolence, deep coma, and diuresis; but it does not 
cause contraction of tbe pupils or convulsions. 

7. In acute uriBmia tbe urine becomes non-toxic, and it may 
be injeote<l into the blooil in quantity equal to that of water 
(about flO to 120 cubic centimetres per kilogramme) before it 
proves lethal, and then only mechanically, by interfering with 
tbe normal osmosis. 

It will be seen, from these investigations, that normal urine 
owes its toxic prO|>erties not to any one, but to several constitu- 
ents; and although Bouchard has not succeeded in completely 
isolating these, yet his results are suggestive in that direction. 
Briefly stated. Lis results are as follow: At least seven toxic 
agents are present in normal urine: — 

1. A diuretic substance, which is fixed and of organic nature, 
non-removable by filtration through carbon, but is soluble iu 
alcohol. This substance answers to all the features of urea, and 
is only toxic in enormous doses. 

2. A narcotic substance, also fixed and of organic nature, 
non-removable by carbon, and soluble in alcohol. It is not 
urea, since it does not induce diuresis; but, on the other hand, 
it causes narcosis. 

3. A sialt^enous substjinoe wliicli pi-oduces salivation. It 
is only present in email amount in normal urine, and hence its 
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eflects !tro iiiiobservable iii quantities of uriae HuRk'ient to kill 
IVom otiier conlsiiiied toxic agents. This sulistain^e ie stable, of 
organic nature, iiou -re movable by carbon, ami Boliiblc hi alcoliol. 

4. Two substances capable of causing convulaious: (o) One, 
fise»i, stable, of organic nature, is botli retained and destrojod 
by cartx>n,and is insoluble in olculiol. It !;» doubtless an alka- 
loid, and is present during the day in less amount tban the nar- 
(^otio substance, and nitio of less physiological activity than the 
latter. (6) A substance which causes myosis; it is tised, organic, 
and removable by carbon. It is probably a coloring substance 
of normal urine. 

5. A substance which reduces body-heat. It is fixed, of or- 
ganic nature, and insoluble in alcohol. It may also be a urinary 
pigment. 

6. Anotlier convulsive substance of mineral nature, which ia 
doubtless potassium. 

Pathological Urine. — In pathological conditions the toxicity 
of the urine may become diminished, or it may become greatly 
increased. As a rule, in acute infectious diseases and fevers, if 
the kidneys remain unaltered, the urine becomes more |)owerfiiUy 
toxic than in health. On the other hand, in pathological states 
of the kidneys themselves, the toxic powers of the urine become 
more or less diminished, according to the degree of functional 
incapacity of the kidneys. Thus, in acute nephritis or extensive 
chronic changes which greatly cripple the functional capacity of 
the kidneys, the urine may become almost non-toxic. As the 
condition of the kidneys improves the urine becomes more and 
more toxic, and this fact may be taken advantage of as a prog- 
nostic indication in treatment. For instance, if it require 80 
cubic centimetres of urine to kill a rabbit of 1 kilogramme weight, 
it may be assume<l that the cajtacity of the kidneys is crippled 
about one-half (50 i>er cent.). If in a week later 60 cubic centi- 
metres of urine kill a rabbit of I kilogramme weight, it furnishes 
substantial evidence that the condition of the kidneys is much 
improved. 

It has already been stated that the urine in acute urumia ia 
non-toxic. Under sucli circumstances the kidneys can no longer 
eliminate the usual toxic agents IVom the system, and the organ- 
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iam becomes poisoned — uricmic— and all the phenomcQa described 
as (ine to intra-vonous injections of urine are evoked. 

Our present knowledge of this subject wiirrantH tlje statement 
that the healthy orgauifim is only saved from lethal fluto-intoxi* 
cation by the liver and kidneys ; the former destroys the larger 
proportion of the systemic toxins, and those not so destroyed 
are climitinted chiefly by the kidneys, if the latter be healthy. 

In a large proportion of |)&tbological urines (the kidneys re- 
maining sound) the normal toxicity of the urine becomes in- 
creased, and, moreover, new toxic properties are developed, 
notably those with convulsive powers. Thus, in telanu* the 
uriue is powerfully toxic, and if injected into the circulation it 
evokes most of the tetanic phenomena. M. Lftbbe injected the 
nrinc of a tetanic patient into the circulation of an animal, with 
the following results ; After the sixth cubic centimetre (per kilo- 
gramme) mild tremors occurred; the pupils became pnnctiform 
at 10 cubic centimetres. From 12 cubic centimetres violent 
tonic Biiasms with convulsions occurred up to 34 cubic centi- 
metres. At the latter point death occurred from opisthotonos. 

The urine in pneumonia ia strongly toxic, the symptonifl 
being nearly as pronouncedly convulsive as in the case of tetanus. 
The urine in pneumonia proves lethal in from 19 cubic centi- 
metres to 38 cubic centimetres per kilogramme. In lypboid 
ffver, on the other hand, Bouchard has observed that the nrine 
produces only the toxic symptoms of normal urine ; death occurs 
at from 50 to 70 cubic centimetres per kilogramme with only 
slight myosis, coma being present, but not convulsions. In leti- 
cofylhcemia the urine is highly toxic, causing convulsions and 
death at 15 to 20 cubic centimetres per kilogramme. 

The urine possesses special and marked toxic powers in 
cholera. Thus, cyanosis is only produced by choleraic urine; 
muscular cramps follow, unlike the convulsions produced by 
other urines, since the spasms begin long after the beginning 
of the injections, and they continue long after the injections are 
discontinued. Cooling of the body is more pronounced than 
from injections of any other urine. Albuminuria appears at 
once and in marked degree, while with normal urine albuminuria 
Is rare and only occurs late. Diarrha-a always follows injections 



146 ANALY8I8 OF URINE. 

of choleraic urine; the stools become pale, watery, and devoid of 
bile. The albuminuria increases until complete anuria occurs, in 
about thirty -six hours, and death soon after occurs with a rectal 
temperature of 33=^ or 34° C. 



SECTION VI. 



URINARY SEDIMENTS. 

Uhinaby Bediments are moat coiiveniontlj clasBiGed, for ptir- 
poBCB of study, into two diviBions, viz., chemical «ubislance» and 
anatomical eubelancng. 

Clmviival »edimenls, with but few exceptions, exist in the 
form uf solntiou in norma,! urine, and their appearance as crys- 
tslliiie, amorphous, or other form of sediments may result fVom 
excessive formation or excessive excretion, or alterations in the 
urine affecting its solvent jwwers. The chief chemical deposits 
met with in the urine are uric acid, tlie urates, calcinm oxalate, 
cystin, leucin, tyrosin, xsnthin, and pliosptiates. 

The anatomical eedimentg are in most cases foreign aah~ 
stances, and therefore do not exist in normal urine. They consist 
of such structures as pus-corpuscles, blood, renal casts, spenna- 
tozoa, fragments of growths, fungi, infusoria, etc. The ana- 
tomical elements found in the urine are more or less insoluble, 
and, therefore, when the urine stands they fall to the bottom as 
sediments. 

Our methods of examining urinary sediments are both chem- 
ical and microscopical. Thus, the chemical deposits may often 
be recognized by their characteristic reactions; or the micro- 
scope may be employed to determine the characteristic fonn of 
the deposit when crj'stalline, which is often of itself diagnostic. 
In determining the character of the anatomical deposits the 
microscope constitutes the chief resource, although, in some 
cases, chemistry materially aids the investigation. 

Sedimentation or TJeine. 
The older method of obtaining urinary sediments for investi- 
gation consisted in letting the urine stand in conical vessels for 
twenty-four hours or so, when the sediment would nsually be 
found colicetwl in the bottom of the vessel. Much difficulty was 
formerly encountered by this method in securing sediments for 

("') 
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exnin illation which remained unchanged, since the lengtli of timo 
necesaary to secure the deposit almost necessarily involved alter- 
ations in the urine at ordinary temperatures. Of late years this 
has been in a measure overcome by the nddition of preservative 
agents to the urine, such as chloral hydrate, salicylic acid, 
resorcin, etc TUese, boKever, all interfere witli the chemical 
examination of the urine, more especially in making cxamina- 
tiuiiH for sugar and urua. But the most serious objection to the 
old raetSiud was the necessity of waiting for several hours before 
a aalisfactory microscopical examination of the urine could be 
made. 

More recent experience has demonstrated the immense ad- 
vantages of the centrifugal method of obtaining urinary sedi- 
ments fur purposes of microscopical examination. The principle 
of this method depends upon the fact that when the urine is 
placed in tubes and revolved upon horizontal rotating arms at a 
high sjwed, a centrifugal force is exerted upon all solid particles 
in the urine hundreds of times greater than gravity ; and, conse- 
quently, the urinary sediment is deposited in the bottom of the 
tubes almost immediately, irrespective of the specific gravity of 
the urine or the character of the sediment. Some of the advan- 
tages of this method are as follow : — 

1. Ceutrifugnl sedimentation of the urine permits of an im- 
mediate microscopical examination, instead of waiting for from 
twelve to twenty-four hours by the old methoil of gravity. 

2. The centriftigal method secures more complete and concen- 
trated sedimentation, and therefore it is better suited for pur- 
poses of microscopical diagnosis. 

3. Microscopical examination may be made of freshly- voided 
urine before casts or morphological elements have bad time to 
undergo maceration or solution in the urine, and before bacterial 
fermentation occurs, which always greatly obscures the micro- 
scopical field. 

i. Itadbrds the only positive means of distinguishing between 
normal and abnormal crijnliiUxne sediments in the urine, because 
by the centrifugal method only can the urine be examined by the 
microscope as soon as voided, and, therefore, before the crystals 
form which are deposited in all normal urines after standing. 



PBECIPIIAnON OF UBINARV BEDEMENTS. 



149 



5. By the old iiiflhoil of gravity it sotuetiines happened, with 
nrinee of high specific grAvity, th&t the lighter caste (such as 
those of the narrow, hyaliue order) failed to settle, and thus 
eluded detection. The eyutrlfngu precipitateH all casts without 
delay, irrespcftive of tlio above-named conditions. 

6, In consfquence of the greater concentration of the urinary 
sediment by the centrifnge, bacterial search is rendered more 
simple and successful ; micro-organisms, such as tubercle bacilli, 
being found with greater ease and certiiinty. 




(One-fcmrM 



It will therefore be readily seen that the centrifuge is destined 
to rapidly supersede the old method of gravity lor all puri)osea 
of urinary sedi mentation. 

Various forms of tlie centrifnge are man nfact tired for urinary 
purposes, and may he obtained of the leading instrument dealers. 
At present, the best hand-power centrifuge for nrinnry purposes 
19 made by R. Juug, of Heidelberg. For practical work, the 
centrifuge should be eapable of h speed of at least 1000 revolu- 
tions per minute. The accompanying cut (Fig. 12) shows the 
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electi'io centrifuge esiieciully dcaigucil by the author for uriuaryl 
work. 

By nicaiis of this apiinrntue, reiml casts, GpitLelium, puaj 
Wood, bacterin, cryatAlB,etc.,aDil,iii short, all urinary sedimentaJ 
— organic and iiiov^aniu, — oaii be sedimeuted at oiicg, thtMfl 
affording &a imniediate microscopical examiniition where foc« 
merly it requii-ed hours or even days to obtain the same resulls *] 
by the old metho'd of gravity.' 

The aiithoi'a electric centrifuge is capable of a maximum 
sjieed, vtilhout lubee, of over 6000 revolutions per roiiiule, by 
multiple rcsistcrs on the 110-volt current; with small, light 
sediment tubes, it lb ctipiible of a speed of from 2500 to 3500 
revolutions per minute; with large lubes (carrying one ounce 
of urine) it attains a sjiccd of 1500 to 2000 revolutions i>er 
minute. The precipitating centrifugal force exerteil by tliia 
centrifuge is 2000 times greater tlian gravity, and, therefore, a 
sediment requiring twenty-four houra to precipitate by gravity 
may 1>e obtained by this centrifuge in less time than two minutes. 
In throwing down sediments for purely microscopical purposes, 
the best grade of speed, as n rule, is 1200 to 1500 revolutions, 
althougii highi;r si>aed may be employed if desired. In other 
words, the aullmr flnda for this purpose that medium gjieed and 
prQjiorliimale increase of lime give Ihe best results. Bacterial 
search forms an exception to this rule, high rates of 8]>eed in 
such cases being preferable. 

The author's electric centrifuge, by reason of its special de- 
sign and construction, the fleld and armatura of the motor being 
Specially wound, can lie operated by currents of 110 volts direct 
(with registers) or ."52 volts alternating. It therefore possesses the 
unusual advantages of operating by either direct or altei-nating 
currents witliout overheating. It may hence be operated by 
the currents of any of the existing systems of electro-incandes- 
cent lighting. It can also be operated by either the ordinary 

' By mean* nf (wrTcntage tubes and aiierlal mrthode di-vl^cd by ihe nulbor 
{ace Section II, gmgcU), quanlllatlve p«rcenUge detemiiimlloDK may be mndt hj 
this contririige of clilorldeB, phoepbaTvs, sulphali^s, albumlii, pus, elr., and thti 
metbod wtll be extended to include a« muxy of tbe conatltucnta of tbe urine, 
Dormsl sad abnormal, as will be founil pracLlcable and advBDtageoui. 



^H^^BM""^B 


^^^^^H PRECIPITATION OF UBINABY StlDl.MENm 151 ^^^| 


galvanic or storage currents. This centrifuge is nrmed with 1 
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methods, as applie<l to umnatysis, can 






^^^M 


only be fUUy appreciated by those who 
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electric centrifuge, complete qualita- 
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the urine, including microscopical 1 | 
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search, are daily ma<ie in the author's 1 
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laboratory within twenty minutes, 1 ff ^^^H 


From a somewhat extensive experi- ■ . V ^^^^| 
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urinary work, the author finds that the 1 fl ^^^^| 


old form of bulb-tipped sediment tube I 1 ^^^^H 


is very unsatisfactory where the amount ^^ , ^^^^| 


of sediment is small: the sudden stop- bedu^kkt Tvb^ roa^cuc^^^l 
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in the bulb that often dislodges the " '"' ^^^| 


sediment and causes it to rise in the tubes. The new form of^^^^| 


sediment tuliea (Fig. 13), devised by the author for his electria^^^J 
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centrifuge, completely obviatea tbis difUculty ; in fiict, the urine 
may even bo dewuited, and the eedlinent wiU remain in tha 
bottom of tbe tubes. These couiL-ul-tippecI tiibee also lessea 
the degree of iitmospheriu pressure where the resistance is 
greatest — :vt the ends of the tubes; and both the bulk and 
weight of the tubes being carried nearer the centre, consider- 
able increase of sjieed is obtained by the centrifuge without 
increase of motor power. 

In searching for iiriniiry deposits it is of prime importance 
to deal with a freshly- voided sample of urine. As already noted, 
the urine is a very nnstattle fluid, and at ordinary temperatures 
chemioat alterations very soon occur, which m»y dissolve or 00 
alter either the chemical or anatomical deposits as to render them 
altogether dillicult or even impossible of recognition. Moreover, 
in conseipience of these cihanges, a series of deposits occur in all 
normal urines, npon long stnuding, with which it is well to 
become familiar. 

Strictly normal urine of acid reaction, when freshly voided, 
is transparent and free from sediment. After standing some 
time, there forms, in the lower third of the volume of urine, the 
" nebecula," — a slight haze, consisting of mucus, carrying with it 
a few mucous corpuscles and flat cpithelia, thrown off chiefly from 
the bladder-walls. The nebecula may be most readily seen by 
holding the urine up to a good light tvith a dark but narrow 
background intervening; or it may be quickly precipitated by 
the centrifuge, when it will be found to consist of mucus 
entangling epithelial cells and a few mucous corpuscles. Upon 
longer standing, strictly -normal urine of acid reaction gradually 
deposits (,/irgl) a reddish-yellow or clay-oolored sediment of 
amorphous urates of potassium, sodium, and ammonium, and 
occasionally of calcium and magnesium, which are readily soluble 
by heat ; (second) and, some time later, the nliove-described sedi- 
ment is more or teas replaced by beautiful, brick-red or dark- 
brown, sharply-outlined crystals of uric acid ; (third) at tlie same 
time, or later still, there forms among the uric-acid crystals, or 
are replaced by them, octahedral or envelope-shaped, highly- 
refracting crystals of calcium osalate; (fourth') and at a still 
later, though variable, period, strictly normal urine deposits a 
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sediment cumposed oT the phosphates of the alkaline earths, — 
grunular, amorphous calcium phosphnte and triangular, prismatic 
crystAls of triple phosphate of ammonitim and magnesium, often 
interspersed l>y diirk spherules of ammonimn urate with attached, 
sharp spicula. 

Again, in strictly -normal urine of alkaline reaction, such as 
frequently occurs in the morning, or three or four Lours after a 
meal, there frequently deposits a whitish, flocculent sediment, of 
considerable bulk, consisting of the granular, earthy phosjthatea, 
These may be made to quickly disap|>car by destroying the al- 
kalinity of tlie urine by means of a few drops of any strong acid. 

The explanation of these changes has already been made in 
Seelion I, page 5. The importance of procnring fresh urine for 
sedimentary investigation will therefore be seen at once, since 
nearly every inorganic and many organic substances in normal 
urine are lUble to bo deposited upon long standing, when aneh 
deposits are neither evidences of excess of the deiiosited sub- 
atauees nor of existing pathological conditions. 

When insoluble substances in the urine remain in suspension, 
they produce more or less turbidity; but when they subside to 
the bottom, they constitute a deposit. Precipitation occurs with 
varj'ing degrees of facility in different urines, both by standing 
and by centrifugation, but less so by the latter, depending in 
part upon the consistence and density of the nrine, and in part 
upon the nature of the sediment, Thus, precipitation is more 
rapid in watery urines — as in hysteria and diabetes insipidus — 
than in thick, albuminous, or saccharine urines. Again, the 
heavier crystalline deposits, sucli as uric acid, the urates and 
oxalates, precipitate rapidly ; while such substances as epithelium, 
pus-corpuscles, and hyaline casts deposit very slowly. In tuber- 
culous conditions of the urinary organs much of the insoluble 
products of ulceration remain more or less [lermauently biib- 
]>ended in the urine upon standing, — only the more solid and 
heavier products being precipitated, — and this is considered, in 
a measure, diagnostic of tuberculous urine. 
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LlTHl^RIA. 

TJric-neid crystals occur as a sedimeut rarely, if ever, in otll 
than shnrply-acid uriue. They differ from all other urinary de- 
posits in possessing a deep-yellow or omng(?-red color ; they may 
at timcB be pale yellow, but are never cotoileas. The crystalline 
nature of this deposit may usually be detected readily by the 
naked eye. The essential or primary foi-m of the uric-acid crystal 
is that of rhombic prism, and the great variety iu which it is 
found nil constitute combinations or modifications of this form. 
Thus, the angles may be nearly equal, forming quadrangular 
plates, or sometimes nearly cubes may be seen. Again, they 
may be seen with rounded ends, forming ovoids or circles. Elon- 
gated crystftls are sometiraca observed, and these frequently join 
st one end, forming stars. The beauty and variety of these star- 
shaped clusters are very marked. (See Plate III.) Sometimea 
fan-shaped forms are produced by elongation of the crystals in 
one direction only, instead of tbe star form. The rough and 
pointed forms of uric-,icid crystals arc claimed by Ultznmnn to 
be of diagnostic significance, being "almost always an accom- 
imniment of renal calculi." For properties and tests of uric acid, 
see Section 11, pages 30 to 36, 

Uric acid possesses a strong tendency t^ crystallize upon 
contact with any solid substance, organic or inorganic. This 
may be observed by its behavior in a vessel upon standing, when 
it will often be noted that the crystals cling to the sides of the 
glass or to threads or spccka suspended in the urine. This ten- 
dency renders it more liable than any other crystalline deposit 
to form around some nucleus in the urinary channels, and ulti- 
mately form gravel. This is one of the reasons why nearly 70 
per cent, of the stones found in the bladder are of the uric-acid 
variety. 

The deposit of uric-acid crystals can only be regarded as of 

pathological import when the deposit occurs shortly after the 

urine is voided, — say, within four to six hours. It has already 

been shown that perfectly healthy urine usually deposits uric- 

, Mid crystals after standing ten or more hoars. But, on the 
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otiier hand, if uric acid be precipitated Troin the urine shortly 
after it cools, it very justly foims the foundfttioii for fear that 
the Bamc tuay occur before it be voided, ami thus give rise to 
the formation of calculi and gravel, with the loug train of painful 
symptoms entniled by such conditions. Before speaking of the 
pathological coniHtions which usually attend deposits of uric 
acid, it may be well to allude to the conditions of the urine 
which favor such deposits. 

Sir William Roberts, who has carefully investigated this 
subject recently,' makes the following ioterestiug observations : — 

" The presence of uric acid in humim urine is somewhat anom- 
alous, as it is not needed as a vehicle for the elimination of 
nitrogen. Its place is taken by urea, which, by its easy solu- 
bility, is Itetter adapted to the liquid urine or animals. Perhaps 
uric acid is a vestigial remnant in mammalian descent. But, 
although physiologically insignificant, uric acid is pathologically 
the most prominent component of the urine, chiefly because of 
its tendency to form concretions, 

"All acid urines tend inevitably to deposit their uric acid 
sooner or later. The time of onset of precipitation varies from 
a few hours to five or six days, or even longer. The inference 
fiom this is that pathological gravel is due to an exaggeration 
of conditions which exist in a less pronounced degree in liealth. 
To get at an explanation of this spontaneous precipitation it is 
necpsBary to examine the states of comliination of uric acid in 
the urine. 

" Uric acid (CjH,N403 ^HjTJ) is a bibasic acid, and forms 
two regular orders of salts, namely, neutral or normal watet 
(M,tT) and acid urates or biuratea (MHU)*. But, in addition 
to these, it forms a series of hyperacid combinations, first discov- 
ered bj- Bence Jones. and termed hy him ytindrvfa(e8(MHU.H,U). 
The neutral urates are never found in the anim.tl body, and are 
only known as laboratory products. The biurates are only 
encountered p.ithologically as gouty concretions. The quad- 
rurates, on the other band, are especially the salts of uric acid. 
They constitute the exclusive combination in which uric acid 
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exists iu solution in normal urine, ftii<] they become visible some- 
times as the amorphous urate sediment. The urinary excretion 
of birds and I'eptilca is comjiosed esclusively of qnadrurates. 
The special and eharacteristic reaction of quadrurates is thai 
they are immediately decomposed by water into free uric acid 
and biurates. They exist in acid urine in the presence of water 
and of superphosphates. These conditions necessarily involve 
the ultimate liberaliou and precipitation of uric acid. The first 
step is the breaking up of tlie quadrurate by the water of the 
urine into free uric acid and biurate, according to the following 
equation : — 

(MnU.H,U) + n,0 = (H,U) + (MHU). 

Quadruruto. Free DTlc aeld. Biutnw, 

" This explains the liberation of half the uric acid. But the 
binrate thus formed is forthwith changed in the presence of 
superphosphates into quadrurates. Thus : — 

2(MHU) + (MHjPO,) =(MHU.H,U) + (M^HPO^) 

Bluntle. Bniicrpbosphats. Qiiiulrurate. DliueUllIc iih'iitpliate. 

By these alternating reactions all the uric acid is at length set 
free." 

" Seeing that uric acid exists in acid urine (that is, for some 
sixteen hours out of the twenty-four), amid conditions which, 
if the quadrnrates stood alone and uncoutrolteil, would lead to its 
immediate precipitation, and yet that in the normal course no 
such early precipitation occurs, it is obvious that the urine must 
contain certain ingredients which inhibit or greatly retard its 
water from breaking up the quadrnrates. These inhibitory iu- 
gredicnta consist chielly of (I) ttie mineral salts and (2) the 
pigments of the urine. The conditions of the urine which tend 
to accelerate the precipitation of uric acid, as in the formation 
of concretions and deposits, are (1 ) high acidity, (2) poverty in 
mineral salts, (3) low pigmentation, and (4) high percentage of 
uric acid. The converse conditions tend to retard preci|iitiition. 
On the interaction of these factors the occurrence or non- 
occurrence of uric-acid precipitation appears to depend, and 
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probably the most imporUnt of these iactors is the grade of 



Clinical Significance. — TJrio-actd sediments are perhaps most 
orteu encountered in acute fevers and inflammations attended by 
pi-onouiiced elevation uf temperature. In such cases tliere is 
diminution of the aqueous elements of the urine, tntailing in- 
creased acidity. As n consequence of increased tissue meta- 
bolism, there is also absolute increase of uric acid, as of most 
olber urinary solids. In the so-called uric-acid dialhcsig tliere 
is olten an habitual and pronounced deposit of nric-ecld crystals 
in the urine. The causes of this state are partly defective 
physiological action of the liver, and partly errors in diet, 
coupled with sedentary habits of life; and it is often accom- 
panied by headache, emaciation, and bypoehondriasis. Since 
this condition is induced by fkulty habits of living which entail 
overwork of the liver, with defective supply of oxygen, it in 
nowise merits the name of " diathesis." 

In the early stages of interstitial nephritis, uric-acid de|>osit8 
are often to be observed ; indeed, the urine frequently throws 
down this deposit habitually for some time before the interstitial 
defect is made known by pronounced symptoms. This is due to 
two causes: (a) the polyuria of the early stages of the disease 
lessens the relative amount of coloring matters in the urine, 
and it will be rememliered that the pigments tend to hold the 
uric acid in solution; (6) both interstitial nephritis and uric- 
acid deposits are often the outgrowth of the same habits of 
living, viz., the overindulgence in animal foods. The author has 
rejieatedly observed that people who possess generous appetites, 
and indulge in the use of animal foods two and three times 
daily, are exceedingly apt to have uric-acid deposits in their 
urine at middle ago, and somewhat later to develop interstitial 
nephritis. ITric-acid deposits are frequent in cases of children 
convalescing from scarlatina, with or without accompany in g ne- 
phritis, and concretions or gravel are verj- prone to arise under 
such circumstances. 

Urates. 

The acid urates of sodium, potaanum, ammoninm, and. more 
rarely, of calciuvi are met with as scdimenta in the urine. 
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The acid urate of sodium occurs chiefly as minute, irregular, 
amorphous granules, althougli Boinetimce, also, in crystalline 
form, — etar-ehaped, needle-like clusters, often of fan-sbape ar- 
rangemetit. Tliis deposit is more or leas deeply stained brown 
or pink, according to the degree of pigmentnlion of the urine, 
since it possesses a great affinity for tlie above-named pigments. 

Tlie sodium- urate deposit occurs in acid urine, and forms a 
I)irge bulk of the " brick-dust,*' or mixed urate, deposit found in 
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the bottom of the vessel after the urine has cooled, 
sodium urate is extremely insoluble, requiring 1150 parte of c(d 
or 124 parts of boiling water to elTect its solution. 

Acid potaisium urate occui's only in amorphous form ( 
deposit, and, like sodium urate, forms a part of the mixed an 
deposil met witli in acid urines. It is much more soluble thi 
the sodium urate. 

Acid calcium urate occurs as a urinary deposit but rarelj 
Mid in minnte quantities. It consists of a white or grayifl 
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Ammonium Urate, showing Spherules and Thorn- 
vrPLK-SHAPED Crystals. (After Peyer.) 
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amorpUoiis ponder, highly insoluble, and on fusion leaves a 
white residue, eousistilig of oalcium c^arbonnte, The acid calcium 
urate, like the potaseitim and Bodium urate deposits, occurs only 
in scid urine. 

Ammonium urate ocoure as a cryetalliae deposit, conaJBting 
of d&rk-brown, epLerical masses studded with One, sharp-pointed 
epicula, — " thorn-apple crystals.''' The spicula may be long, 
sometimes curved, branched, or bent, forming various shapes. 
(See Plate IV.) The smaller crystals often closely resemble 
those of sodium urate, aud by some they are claimed to be 
identical. 

This sediment moat frequently occurs in alkaline urine, 
associated with amorphous cnlcium phosphate and triple phos- 
■phate crystals. The ammonium-urate deposit is, in fact, the 
only urate sediment found in alkaline urine. 

The mixed urate deposit consists of a reddish, granular- 
looking setUment, with color always deeper than the urine from 
which it precipitates. It may vary all the way from a faint 
pinkish haze to a brick-red color. (tSce Plate III.) Most fre- 
quently it sinks qnickly to the bottom of the quiescent vessel, 
but part of it may long remain suspended, imparting to the 
urine an opalescent turbidity; at the same time a i>ellicle may 
form on the surface or cling to the sides of the vessel, notably 
at the aurface-line of the urine. By gently heating the uriue the 
mixed urate sediment promptly dissolves, and this forms a 
ready method of its recognition, ns no other urinary deposit 
betinves similarly. The mixed urate deposit gives the murexide 
reaction similar to uric acid. It is dissolved by solutions of 
the caustic alkalies; with mineral acids it is decomposed, with 
resulting precipit-ition of urie-acid crystals. 

It is an interesting fact that urines of high density are most 
prone to throw down deposits of mixed urates, while those of lower 
density are more apt to throw out of solution uric acid. Thus, 
with urines of specific gravity at 103G to 1080, when they cool, 
the excess of urates come down because of their limited degree 
of solubility; while iu urines of specific gravity below 1020, the 
diminished pigmentation often permits the uric acid to fall out 
of solution and fonn a deposit. 
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Clinical Slgniflcanoe. — The mixed nrate dcpoBtt, like tbat of 
uriu acid, is most freqiienlly encountered in febrile states; even a 
slight elevation ol' teiuperatLtie is ofLeu eufflcient to cause their 
deposit. A more constant deposit of mixed urates may be noted 
in diseases of the viscem, wUicL entail progressive emaciation, 
notably in the liver and in the BO-oalled wasting diseases. Funo- 
tioual disorders of the stomach are frequently associated with 
amorphous urate deposits, due, iu all probability, to incomplete 
tmiisformation of proteid foods. In gout tlie urates are usually 
depoflited during the attack, but disappear uiion the approach 
of convalescence. 

Oyalubia. 

Oxalate of time is met with as a urinary sediment either in 
acid or alkaline urine, but most often in the former. If it occur 
in acid urine it is often associated with urie-aciil degrasits, but 
when occurring in alkaline urine its most frequent associated 
deposit is the triple phosphate. 

The caloium-osalatc dejiosit occurs in crystalline form, con- 
sisting cbielly of two varieties of crystals, (a) and most frequent 
are the 0(^tfthedral crystals, very beautiful and highly refracting. 
They are matlc up of four-sided pyramids, situated base to base, 
as seen in their long diameters. When viewed from the side 
they at>|>enr as squares crossed obliquely by two sharp lines, 
foruiiug the characteristic "envelope-shaped^' crystals. When 
small, the lines crossing in the centre form a bright spot, highly 
rcfrsclive of light, — star-like, (fi) The second form of calcium- 
oxalate (le|>o8it is the so^alled " dumhiell " crystals. Their true 
form is that of ovoid or circular disc, with round margins and 
depressed at the centre on cither side. Their variable appear- 
ance depends upon their diMerent positions when viewed, as may 
be seen by causing the crystals to roU over under the cover- 
glass. 

Calcium oxalate is insoluble in alcohol, ether, water, alkalies, 
and acetic acid, but readily soluble in hydrochloric or other 
mineral acids,— cliaracteristics which serve to identity* this salt; 
hut in practice the microscopical appearance is the most conclu- 
sive, since the crystals arc so characteristic in form that they are 
re«dily diBtinguishable from all other crystalline deposits ; the 
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di^posits of triple [thosphate and uric acid are the only ones 
wliieh hnve tlie least resembtanoc thereto. 

With regard to the triple-phosphate crystals, it is ooly the 
smaller, imperfect, and short priains that are ever confomided 
with calcium-oxalate crystals. In such cases the body of the crye- 
tals, instead of forming a parallelogram, is shortened so that it 
becomes n. siguare, and the prism then gives somewhat the ap- 
fiearance of the envelope-shaped calcium-oxalate crystal The 




— Vabiocs Formb of Calcic m -Ox AbATB cntatAi^. (After Peyer.) 



calcium-oxalate crystals, however, are always smaller and more 
highly refracting. Shoiilil any doubt remain, nfler careful ocular 
examination, they may be readily distinguished hy their behavior 
with acetic acid, which |)romptly dissolves the triple-phosphat« 
crystals, while the calcium oxalate is unaffecteii thereby. 

The "diimli-beU" form of uric acid may usually be distin- 
guished from the calcium-oxalate crystiils of similar form by the 
brown color of the former, aa well as by their aolnbility in 
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Clinicsl Significance. — Tiie occurrence of calcium oxnUte as 
a urinary dei>oBit is brought about by tlii; strong alHiiity which 
oxalic acid posneaHus Tor calcium. Osalio acid occuib under 
physiological conditions in very small amounts in urine, — about 
0,03 gramme in twenty-four hours. According to generally 
received opinion, it exists in the form of calcium oxalate, which 
is kept in solution by the acid phosphates of the urine. The 
quality of food taken often materially influences the degree of 
physiological oxaluria. Thus, vegetables containing much oxalio- 
acid combinations, — as cablmge, spinucli, asparagus, sorrel, 
apples, grapes, tomatoes, turnips, and sugar, — when taken in 
excess, may cause excretion of calcium oxalate in considerable 
amouut. Calcium oxalate is also excreted in excess upon an 
exclusive or excessive diet of flesh and fut, indicating its forma- 
tion from proteids. 

The (juestion of so-called " oxalic-acid dialhesin " poseessea 
much practical interest. As early as 1842, Bird described a 
series of nervous and dyspeptic ^ymptums, which he alleged 
y/eve associated with deposits of calcium oxalate m the urine. 
Later on, Bigbie still more minutely described the symptoms 
of the so-oalled "oxalic-acid diathesis" of which the following 
is a brief summary: "These patients are mostly males in the 
prime of life, ordinarily of sanguineous or melancholy tempera- 
ment, of sedentary hnbits, and accustomed to overindulgence 
in the luxuries of the table. Indigestion in its varied forms 
is a prominent feature. These patients are often capricious, 
sensitive, irritable, or dull, despondent, and melancholic. The 
tongue is coated and the skin is dry. In inveterate cases a 
dirty, dingy countenance, increasing emaciation, falling out of 
the hair, tendency to boils, carbuucles, psoriasis, and other cuta- 
neous disorders are frequently observable. Accompanying these 
are often deejj pains in the back and loins, haemorrhages from 
the intestines and bladder, incontinence of urine. Impotence and 
irritation of the bladder." 

Attractive though the theory be of the si>called " oxalic-acid 
diathesis" in the light of more recent and wider observation 
the natiie " diathesis " seems in nowise merited by any of the 
states associated with deposits of calcium oxalate in the nrine. 
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It is true that oxalic acid, when taken internally in any consid- 
cralilc amount, exerts a poisonous action upon the organism, not 
only locally on tlie intentines, but also generally on the heart and 
nervous system ; and this gave rise, no doubt, to the supposition 
that a large formation of oxalic acid or its retention in the system 
might produce toxic, and even dangerous, symptoms. Distinct 
proof, however, is yet lacking to show that the symptoms of the 
so-called " oxalic-acid 4iallieei» " are due to an accumulation of 
oxalic acid in the blood. Indeed, nearly all tbe evidence tends 
in the opiwaite direction. In tbe first place, large deposits of 
t^alcium oxahite, and even the formation of oxalic calculus, is 
repeatedly observable in peo|)lo who are otherwise in tbe enjoy- 
ment of the most typical good health. In the second place, the 
group of symptoms described as characteristic of the oxalic- 
acid diathesis, as Roberts has observed, " is one common to tbe 
clinician minus the deposits of calcium oxalate." Lastly, the 
states of the system associated with de]>osits of calcium oxalate 
are altogether too varied to admit of so narrow a classification 
as that of a special diathesis. It seems roost reasonable to con- 
clude that oxalurin is dependent upon a vaiiety of conditions of 
the system, many of which are associated with little or no 
departure whatever from ordinary health. 

The conclusions of Beneke, who has thoroughly investigated 
this subject, are as follow : — 

1. Oxaluria accomprmies the lighter or severe forms of ill- 
ness ; has its proximate cause in an impeded metamorphosis, — 
I.e., in an insufScient activity of that stage of oxidation which 
changes oxalic acid into carbonic acid. 

S. Oxalic acid has its chief source in the azotized constit- 
uents of the blood and food; hence, everything which retartls 
tbe metamorphosis of these constituents gives rise to oxaluria. 

3, Such retardation of the metaiuorpliosis of azotized ele- 
ments of the bloml m.iy lie determined by the foUowiiig causes : 
(a) excessive use of aitotized articles of food ; (b) excessive use 
of saccharine and starchy articles of food; (c) iusnfflcienoy of 
the red btoud-corpiiscles, entailing diminished oxidation ; {d) in- 
auBlcieut access to pure fresh air; (e) organic lesions which in 
any way im|>ede respiration and circulation ; l^f) conditions of 
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lUe nervous sj-stem entailing depression, wbetlicr arising pri- 
tnarily from mentnl derAngemcnt or fh>m jiatbological states of 
tlie blood. 

4. Excess of alkaline bases in the blood. 

PHOSPHAmilA. 

It bus alreudy been shown in Section II thnt phosphorus 
exists in normal nrine in combination with the alkalies and the 
earths, — the alkaline and earthy pbosphatee. It is only, how- 




over, the latter salts that are met with as urinary deposits. The 
earthy phosphates consist of (a) triple phosphate or ummonio- 
magnosiiim pho9|ibiite and (b) calcinm phosphate or pbospbate 
of limt-. 

Ammonio■magnestumphol>phale{MgfiJl^l'0^6}I,0),o^tnp\ie 
phosphate, is essentially a crjstalline dejiosit, oecurring in two 
forms. The first — most frecjnent and typieal — form is that of a 
triangiihir prism with beveled ends, very distinctive and often 
termed " coffin-ehajwd " crystals. Many modifications of this 
typical form are met with. Thus, the crystals may be shortene*! 
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to the form of Bquarca, iiiHtead of being oblong, or one or more 
corners may he absent. 

The secuiiil and less frequent form in which triple pboephfite 
appears as s. urinary sediment is Unit of star-sbnped, feathery 
ervBtals, the points appenriug not unlilte fern-leaves. These are 
oden but rudiments of the prismatic form of triple-phosphate 
crystals, into which latter they often become gradually trans- 
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(After Payer.) 

formed, and therefore between these two forms numcrotia inter- 
mediate ones are to be observed (Fig. IB' 

Colciitvi phog}ibat« is met with as n urinary sediment in two 
forms, — (fl) amorphous, (b) rri/Btalline. The amorphoua form 
of calcium phosplinte is a whitish, flocciilent de|K)sil, often mis- 
taken by the naked eye for pus or gi-anular organic matter, and 
when precipitated from the urine by heat it is sometimeB mis- 
taken for albumin. Under the microscope this sediment appears 
in the form of minute, pale granules, arranged in irregular 
patches. 
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The crystalline form of imlciuin plioapbale ia a comparatively 
raro deposit, occurring lees frequently tttau atiy other form of 
phospliatic dei>ostt. Its essential or elementary form is that 
of frystalline roils, somelimeK lying unarraiiged, but more .often 
grnnpi'il in stellar or rosette form, while olten tliej' may be 
olwervcJ groupeil in cliili or wedge form, but always marked by 
linos of crystallization (Fig. 17). The earthy phosphates are 
esgentinlly a product of alkaline urine, and, with the exception 
of the crystalline form, they arc never met with in acid urine. 
The above-named exception only occurs with feebly-acid nrine 
tending tosmmoniacal change. 

The following are the uhief conditions of the urine which lead 
to phosphatic sediments : — 

(a) If the urine be alkaline from fixed alkali. 

(b) If the earthy phosphates be in excess (the urine being 
alkaline or neutral). 

(c) If the urine be alkiiline from volatile alkali, the result of 
decomposition of urea into ammonium carbonate in the urinary 
passages, the ammonium uniting with the m^nesiiim phosphate 
to form the triple phosphate of ammonium and magnesium. 

Clinical Significance. — In those cases in which the phosphatic 
dei>osit (x;curs in alkiiline urine from Jired alkali, the deposit is 
chiefly precipitated calcium phosphate, though often mised with 
triple-pbospbate crystals. The urino in these cases is usually 
of high specific gravity, alkaline in reaction when voided, more 
or less cloudy, and effervesces upon the addition of acid, after 
which the nrine immediately clears. The clinical symptoms cor- 
responding to the aljove are often those of general debility, 
with feeble respiration — favoring the accumulation of carbonic 
acid in the system. Thus, in convalescence from exhausting 
acute diseases, deposits of calcium phosphate are frequently to 
be noted. Flatulent dyspepsia is a frequent cause of alkaline 
urine from fixed alkali and the deposit of calcium phosphate. 

As Ralfe has pointed out, the acids formed by fermentative 
changes being of the fatty acid aeriea, upon entering the blood 
they are oxidized into carbonic acid, and, uniting with the bases 
of the alkaline oxides from carbonates of these bodies, increase 
the alkalescence of the blood and in consequence diminish the 
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acidity or the urine or evt-n rt-ndtr it alkiiline, wUit'li permits llie 
pliuHphates to flill out of Boiution. This ia most TrbiiueDtly 
noted in debilitnted iierHoiis with flatulence of tlic .small intes- 
tine. It is aseoeiated willi such features aa losst or weight, 
irregulflr bowels, Ballowiiess of complexioD, despondency, snd 
IVeijuent micturition. 

in those coses in which the de|>oBit ot ctilcinm phosphate is 
tlie result of excosslvc elimination, very orien marked systemic 
disturbances are associated therewith. The urine is iisnally 
nlkaliue, copious in rolunie, and the deposit is of dense whitish 
form. If persistent, tlie symptoms are usually those of nervous 
irritability, dyspepsia, emaciation, and backache. Sometimes 
symptoms akin to diiilwtes ai'c observable in inveterate eases, 
and the condition has been called '' phoaphalic diabeiea." Indeed, 
it is claimed that this condition not infrequently ends in diabetes 
insipidus. 

The deposit of the crystalline form of calcium phOBpfaate in 
quantity is, in the experience of Roberts, often " an accompaui- 
mcnt of some grave disorder," such as cancer of the pylorus, 
phtliiaiB, and exiianstion from obstinate chronic rhenmotism. 

In cases of phosphatic deposits in the urine resulting from 
the presence of volatile alkali, the sediment, as before Btated, is 
that of triple phosphate of ainmouium and magneBium. It has 
already liecn shown that ammoniacal fermentation always occurs 
in healthy urine upon standing sufHciently long, and then the 
triple phosphates are precipitated. But in the class of cases 
under present consideration the urine is alkaline when voided 
and precipitation of triple phosphates takes place immediately. 
In these cases ammoniacal decomposition of the orine occurs in 
the urinary passages. In addition, therefore, to the triple- 
phosphate deposits in such ca^es, the urine also contains pus 
and more or less mucus. 

The clinienl symptoms attending this state of the urine are 
roost often those of septic inflammations of the urinary passages, 
such as pyelitis ami cystitis. The most frequent class of causes 
of this condition of urine are the obstructive diseases of the 
lower urinary conducting channels, Whatever cause oi>erftteB 
to retain the urine in the bladder sooner or later gives rise to 
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cystitis nnd tbe deposit of Iriple-plioapliate t-rj-stalB. Tliiia, in 
enlarged prostnte, atony and paralysis of tUe bladder, paraplegia, 
and dieeaseH of tlie lower spinal cord, tbe urine nearly always 
precipitates the triple phospUates, Tbia condition of urine 
nearly always precedes so-called " gurgival kidney" and those 
septio conditiouB so dangerous to life wLich result from tbe UM 
of instruments in the lower urinary channels. Therefore, when 
the nrine is found to contain deposits of triple phosphate with 
pnft, and is alkaline when voided, it constitutes a signal for the 
exereise of the greatest possible caution on the part of the sur- 
geon in passing instriitnents into the urethra and bladder for tbe 
^rxt time, more especially in the cases of elderly men. 

It is well known that men addicted to eshanstive mental 
labor and people laboring under worry and anxiety are apt to 
have precipitates of earthy phosphates in their urine. If to 
such conditions be added habits of vegetarian ism, which tend 
to depress the acidity of the uriue, triple phosphates in addition 
may readily fall out of solution and form deposits. 

Cystinuria. 

Cystiu (CaHgNSOj) is comparatively rarely met with as a 
urinary deposit. Its origin in the economy is not clearly under-* 
stood, although its highly sulphurous composition (about 25 per 
cent.), together with its close resemblance in composition to 
tauriit, suggest the possibility tbat the liver may be its source. 
The discovery of cystiu in the livers of typhus patients by 
Scberer, as well as the discovery of cystinuria in cases of dimin- 
ished bile secretion hy Marowski, would further favor the above 
view. Siadthagen claims that cystin is absent from normal 
urine, though Goldman and Baumann succeeded in separating it 
in very small quantities from healthy urine as a benzoyl com- 
pound. 

Cystin is a crystalline componnd of feeble chemioal affinities, 
and occurs in two forms, (a) most commonly in six-sided tablets 
of variable sizes, and somewhat resembling the six-sided crystals 
of uric acid. These tablets possess an o[Kileseent lustre, — 
" molher-o/-}}earl " appearance, — and when traced with fine lines 
of secondary crystallization, or formed into rosettes, they pre- 
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aent microscopicKl pictures of great b«iitity. (b) The second 
Torm of eystin crystale is that of Tour-sided square prisms, which 
lie separately or in stellate foim. They are highly refractive, 
and when their sides He out of the direct line of vision they 
appear almost black, forming a strong contrast with those sides 
presented vertically to the light, which npi)enr of a brilliant-white 
color. Cyatin is soluble in the caustic alkalies, oxalic and strong 
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mineral acids. It is insoluble in boiling water, acetic acid, alco- 
hol, and ether. 

Diferentiation.—C yatia may be readil3' distinguished from 
the pale, lemon-colored, six-sided crystals of uric acid, as follows : 
Permit a drop of ammonia to mingle with the deposit on a glass 
slide, when either form of crystals disiippear. Next, evaporate ; 
and if eystin be present the crystals re-appear, showing that they 
were merely in solution. If. on the other hand, the crj'stals 
were uric acid, no re-appearance occurs upon evai>oration. but, 
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inxlead, crystuls of anmioniiim urate appear, sLowiog cbemiciil J 
com bill at iun, and not solution. 

AnotLer simple Tiiethod consists iu treating the crystals with | 
oxHlic or hydrochloric acid, which promptly dissolves cystin I 
crystals, but leaves uric acid unchanged. 

From triple-phosplinte crystals cystin is readily distinguished 1 
by its behavior with aottic acid, the former being immediately I 
dissolved therewith, while cystin remains unchanged. 

The urine containing cystin is usually pale in color, of &intly- 1 
acid reaction, anil upon standing develops the odor of sulplin- 
retteil liyilrogen, as well as tliat of ammonium. The seiliment is 
of iiale-lcmon color, and often changes to green upon standing. 

Clinical Signiflcance. — Unfortunately but little at present of 
a positive nature is known as to the clinical relations of oystin- 
uria. Its frequent association with hepatic disorders may be 
said to be established. Cystin deposits are said to be results of 
extensive renal degenerations. Chlorolic women and strumous 
children are also I>elievcd to be prone to cystic deposits in their 
urine. Ebslein has noted the presence of cystin deposits together 
with albumin in the urine in cases of acute articular rheumatism. 
Cystin deposits have been known to occur repeatedly in the same 
family by a number of independent observers, among whom are 
Marcet, Lenoir, Civiale, Toel, and Ebstein. Cystin calculus 
is well known to run in certain families. Cystinuria is said to 
be most common in young males, although no age or sex can be 
said to be exempt from it. It may be present and continue for 
years without any noticeable impairment of health. 

The chief interest connected with cystic deposits is tlieir 
proneneea to form concretions of cystin gravel ; and althoogh 
these are comparatively rare occurrences, their consequences are 
none the less serious when occasionally encountered. 

LeUCINUBIA and TVROSlNliaiA. 

Louoin(C„H,sNO,)and tyrosin (t%II, ,N03),aswinbe8een 
from their formuiie, are closely related, being products of decom- 
position of proteid bodies or of their derivatives. Since they are 
nearly always found associated with each other In the urine, they 
will be considered together. 
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Leucin occurs as a urinary Bediraent Tor tlie most part in tlie 
form of yellowisli, liighly-refracting siilieres, tlioiigli not quite so 
highly refmcting &b oil-globules, wliicb they somewlint I'eaemble. 
In ft pure state it crystallizes in scales or rosettes, often of irreg- 
ular sliaiies, auil it has a greasy feel. Leuciu is insoluble in 
etUer.wbicb readily dit^tinguiehes it from oU-globules. It is also 
insoluble in mineral adds, but is partly soluble in water and alcohol 
aud is completely soluble in caustic alkalies. For ordinary 




practical purposes leucin may be known by the microscopical 
appearance of the crystals, aud in this way ver>- minute traces 
may be determined with certainty. Confirmation by chemical 
testa may be employed if a fair amount of the material be at 
hand, (a) Thus, solutions heated with proto-nitrate of mercury 
give deposits of metallic mercury ( Hotfmeistev). {b) When 
fused with nitric acid on platinum-foil it leaves a colorless residue, 
which if heated with caustio potassium forms drops of an oil-like 
fluid which do not adhere to the platinum (Scherer). (c) Upon 
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heating lyucin in a glass tube open at boll] ends to :il>ont 1 70° C. J 
it sublimes in fuatbery particles, which float alxnit in the air 1 
within the tiil>e. Further heat cauiies it to fuse niul mostly difr J 
Appear iuto carbonic acid and amilymin. Leuciu may be sepk- 
ratetl from the urine by evaiKtrating the Utter niid dissolving the 
re»idne in boiling alcoiiul. Upon cooling tbc leuciii present will 
be de]>uBited in whitish plates or masses. Leucin is normally 
present in the liver, pancreas, spleen, lymph gUoda. salivary 
glands, and in the thyroid and thymus glands. 

Tyroxin crystallizes in the form of very fine needles, urranged 
in sheaf-like collections, hi masses the crystals are snow-white, 
tasteless, and odorless. If crystallized from au alkaline solution 
tyrosin often assumes the form of rosettes composed of fine 
needles arrangeit radiately (Fig. 19). Tyronin is insohible in 
alcohol and ether, feebly soluble in cold water, readily soluble in 
acids, alkalies, and hot water. Aside Tiom its crystalline form 
and ch.iracteristic solubilities, tyrosin may be readily recognized 
by several pronounced reactions. 

(a) Hoffmann's Reaction. — When heaCc<l with MilJon's reagent, 
solutions of tyrosin yield a brilliant crimson or pink coloration, 
which, if much tyrosin be present, is accompanied finally by a 
similarly-colored precipitate. The test in its original form was 
applied by heating with a solution of mercuric nitrate in presence 
of nitrous acid.' 

(6) Piria'e Reaction. — If tyrosin be moistened on a watch- 
glass with concentrated sulphuric acid, and warmed for five or 
ten minutes on a water-bath, it tunis pink, owiufi to the formation 
of tyrosin-sulphonicacid,— C,H,„(SOjOn)XO^ -f-2HjO. This 
is then diluted with water, warmed, neutralized with barium 
carbonftte, and filtered while hot. The filtrate yields n violet 
color on the careful addition of very dilute jwrcliloride of iron. 
The color is readily destroyed by an excess of the iron salt. 

(c) Tyrosin gives ont the odor of phenol and nitro-benzol 
upon heating (Kuhn). Tyrosin may be separated from the 
urine by fii-st precipitating the coloring matters and extractives 
of the urine by means of basic lead acetate, then decomposing 
the filtrate with sulphydric acid and again filtering. Upon 
' Lleblg's AuBal., B<i. IxxiTli, 1853, S. ISl. 
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evftporating the filtrate to the thicknuss of eyrap, tyrosin crys- 
tals will In? deposited upon cooling. 

Clinical Signifloanoe. — Leucin and tyroeiti, as already stated, 
usually occur together, anil tUis appliea lioth to the urine and the 
organisinat large. Being products of decoDipoeition of proteids, 
they form in the systeni in very minute quantities, if at all, 
during normal uietamorpbosis. When inetamorphjc changes of 
a retrograde nature are rapid, ne in extensive suppuration and 
gangrene, they form in large amounts. I'hey may in such cases 
pass iDto the urine, largely supptcmeiitiug urea. 

Leucin and tyrosin are found in the urine in acute atrophy 
of the liver, in acute [ihosphonis poisoning, often in very con- 
siderable amounts. They have also been observed in the urine in 
cases of leucocythiemia, typhoid, and soiall-pox. 

Melanvhia. 

Melanin is a black pigment which occurs pathologically in 
the urine under various circumstances. It is insoluble iu cold 
alcohol, ether, acetic acid, aud dilute mineral acids. It is soluble 
in boiling, strong mineral acids, iu boiling acetic and lactic 
acids, and in strong solutions of caustic sodium, ixttassiam, and 
ammoninro. 

Melanin contains carbon, nitrogen, iron, and sulphur, — the 
latter in large amount. The urine containing melanin is not 
usually dark when voided, but it soon becomes so upon esfwsure 
to the atmosphere, and it becomes intensely black if submitted to 
eucb oxidizing agents as sulphuric and hydrochloric acids and 
chloride of iron. Melanin occurs as a urinary deposit in the 
form of small, lumpy granules, much resembling carbon parti- 
cles. In the urine it may be detected by several reactions; 
(n) By the addition of bromino-water to urine containing 
niflanin a yellow precipitate is deposited, which gradually 
blackens. This is considered by Zeller the most delicate teat 
fur melaniiria. (b) When melanotic urines are treated with solu- 
tions of ferric chloride, they yield, acconling to the concentra- 
tion of the reagent, either a dark-brown cloudiness or dec a 
black pre<,'ipitnte, soluble in excess of the precipitant. This test 
is both delicate and characteristic, (c) When meltmia is present 
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in the urine, if treated with a dilute solution of nitro-prusside 
of sodium and some caustic potassium be added, a pink or red 
coloration usually appears, which turns blue on the addition of 
acids, owing to the formation of Prussian blue. The latter 
reaction is not due to the melanotic pigment, but to some other 
substance simultaneously excreted. 

Clinical Signifloance. — Melanuria is frequent!}^ observed in 
people who are subjects of pigmented tumors, notably melanotic 
cancer or sarcoma. It has also been observed in people suffering 
from repeated attacks of intermittent ievers. The urine of 
people in wasting diseases sometimes contain's considerable de- 
posits of melanin. The practical significance of melanuria, as 
Jaksch has pointed out, is greatly weakened by the facts that the 
urine may contain a large quantity of melanin in wasting dis- 
eases, while in melanotic cancer or sarcoma the urine may be free 
from it. For diagnostic purposes, therefore, so far as sarcoma 
is concerned, it should only be regarded as adjunct. 

LiPURIA. 

Normal urine contains small amounts of fatty matter, pal- 
matin ^ and stearin y — about 2 grains per gallon. It is probable 
that these neutral fats are increased upon a fatty diet, since 
numerous cases are recorded in which fat has been found in 
abnormal quantities unaccompanied by pathological conditions. 
Fat is soluble in hot alcohol, ether, benzol, carbon disulphide, 
and chloroform. When mixed with colloids in an alkaline solu- 
tion, fat is broken up into fine globules, becoming white like 
milk, — an emulsion. Under the microscope fatty sediments 
appear in the urine in the form of highly-refracting globules of 
various sizes, with dark and somewhat irregular margins. If the 
urine contain fat in considerable quantity, it is usually of a milky 
color, but this readily clears by shaking it with ether. 

Clinical Significance. — Small quantities of fat are frequently 
met with in the urine in chronic parenchymatous ni*phritis, in 
fatty changes in the kidney's, in phosphorus poisoning, and in 
diabetes mellitus. In one case of diabetes mcllitus the author 
met with a large amount of fat in the urine, the occurrence of 
which was intermittent, alternating with the appearance of sugar. 
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Ralfe also states that be found an abundance of oil-globules in 
the urine of a patient who died of diabetic coma. £bstein 
found a large amount of fat in the urine in a case of hydro- 
nephrosis. Lipuria is a physiological condition with pregnant 
women. Roberts has recorded several cases in which pure oil 
ap|)eared in the urine after the administration of codliver-oil. 
Henderson has reported three cases of lipuria associated with 
heart disease. • , 

In diseases of the pancreas lipuria is not uncommon, and 
in such cases lipuria has appeared before oil was to be notea in 
the stools. Fat is also frequently observed in the urine after 
fracture of bones and Muring the course of repair. In acute 
yellow atrophy of the liver, followed by fatty changes in the 
renal epithelium, the urine contains an excess of fatty matters. 

In chyluria the urine contains a large amount of fatty matters 
as well as albumin and blood-corpuscles. The features of this 
disease, however, will be fully considered in a future section of 
this work. 
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ANATOMICAL SEDIMENTS. 

H^ABtATUBIA. 

Blood-corpnscles appear as a urinarj' sediment in a number 
of conditions, all of which are pathological. Their appeai'ance 
varies aceordiiig to the character of the urine in which tliey 
are found, and the location of the tract from which they exude. 
The typical microscopical appearance of blood-corpuscles is so 
characteristic that littledifiiculty is encountered in distinguishing 
tliem from all other uriuary sediments (Fig. 20). Their original 
form is that of biconcave discs of yellowish color. In focusing 
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with the fine adjustment of the microscope, the margins of the 
corpuscles undergo reversal of light and shade owing to their bi- 
concave form. Blood-discB ai-e distinguished ft-om pus-corpuscles 
by the absence of visible cell-contents and nuclei of the former. 

In acid urine blood-covpuscles long retain their cli a ract eristic 
features, altliough in time they shrivel somewhat, and become 
dentated at their margins — more or less stellate in form, In urine 
they do not, as a rule, tend to run together, or to form rouleaux 
as when drawn from a blood-vessel, hut are for the most part 
distributed pretty evenly over the Octd of vision. Bxceptions to 
(176) 
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this rule eometimee occur in cases of pronomicei] bufjuorrhage 
from ttie bladder or uretbrie. 

If tbe urine be concentrated the hicoucave charncter of blood- 
corpuscles becomes esaggerated, but the corpuscles shrink some- 
what and are more apt to become indenlated or Jagged at their 
margins. On the other hand, if tlie urine be dilute — i.e., o( low 
specilie gravity — the corpuscles swell atid Ijecome biconvex, or 
even spherical, and nt the same time tbej lose their optical 
characteristics as well as their coloring Blatters. This occurs 
the more readily if the urine be ammoniacal. 

The urine coutaiuing blood is usually cloudy and more or less 
reddish iu color, according tu the quantity present. If the quan- 
tity of blood be considerable and the urine be acid the color is 
dark red, but if the urine bealka-line the color is bright red. If 
the quantity of blood in the urine be small the color may give 
no indication of its presence, especially if the urine be coacen- 
trated. Generally 8|)caking, if the blood come from the kidneys 
it is diffused evenly through the urine, imparting to the latter a 
reddish, hazy tint. If, on the other hand, the blooti be derived 
JTom tbe lower urinary tract, the color is usually bright, and clots 
are not iulVequently present. Lastly, if blood appear in the urine 
in quantities however small, a distinct albuminous reaction is 
always obtainable. 

Ciinloai Signifloanoe. — The clinical signiScance of hematuria 
embraces a very wide and varied class of pathological conditions. 
In order, therefore, to afford any practical information it must 
first be determined from what source the luematuria arose. 

In bceroorrhages from Ike kidney the urine is usually of an 
"homogeneous, re<l dish-brown color, of acid reaction, of lowered 
specific gravity, and it often contains renal casts and renal 
epithelium. After standing the urine deiiosita more or less 
brown, coffee-colored sediment. If pyelitis be present, the urine 
may have nji alkaline reaction. In heematiiria of renal origin 
clots are usually absent from tbe urine, unless they be of the 
long, slender, rod-like variety, showing that they have been 
molded in passing through tbe ureters. The recognition of 
blood-caats ill the urine forms the most conclusive proof of the 
remil origin of hematuria. Tbe most frequent oause of renal 
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liiEitiaturia is the class of rennl di«eases grouped togelher under 
tlic term of Bright's disease. In the acute forms of these lesions 
hfpinfttiiriH ia nearly always present. The hemorrhage is not 
very pronotmced in thene cases, being of parenchv matoiis origin. 
It usnally subsides with the more acute symptoms of the diseftse. 
Of the chronic Brtght's lesions the interstitial form is the most 
frequent cause of hiematuna, and in such cases the htemorrhage 
is the most pronounced and obstinate of all reual Liemorrhages, 
except that from malignant and cystic disease of the oi^ans. 
This is due to the accompanying vascular changes, including 
cardiac enlargement and ntheromalous arteries. 

Amyloid disease less frequently gives rise to hiemntnria. 
although it is by no means rare in such cases, since the small 
renal vessels in this disease undergo pronounced degenerative 
changes. In chronic dilfuse inflammatory lesions of the kidney 
htematurin is almost unknown. 

Malignant growths of the kidney give rise to most trouble- 
some, profuse, and repenti?*! attacks of htematurin. Such cases 
are to be recognized by renal tumor, pain, and geueral c.-ichesia 
of the ))Atient. Tubercular disease of the kidney not iulreiiuently 
gives rise to lia>maturia. The urine in such cases contains more 
or less pus and broken-down tissue debri* which do not alto- 
gether subside as a sediment. Hicniaturia from tuberculosis, 
tike in cancer, is intermittent in character, and there may also be 
present tumor, but usually no jiain. The diagnosis rests upon the 
general symptoms of tuliei'culosis, such as emaciation, elevation 
of temperature, etc. ; but most conclusively upon the isolation 
and propagation of the bacillun tuberculosis from the urine. 

Renal calculus, whether couQned to the kidney or, as is more 
frequent, n hen occupying t!ie renal {wlvis, nearly always gives 
rise to hfematuria sooner or later. In these cases the hwmor- 
rliiige is most marked upon exercise, and usually diminishes or 
subsides u])on coutinnetl rest. Pus-cells are always present in 
the urine in biematuria of calculous origin. Fixed pain in the 
region of the kidney, usually with tenderness ui>ou deep pressure 
over a certain point, sometinies retraction of the testicle as well 
OS reflected pain upon the aflected side, often extending down the 
1^, serve to disgnoaticate baematuria of calculous origin. 
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In endemic liwmaturia of the tropics the cause is due to a, 
minute pnmsite in tbe kidney— Bilharzia hmmalubi — which will 
Ije described later on. Among the other causes of hematuria of 
renal source may he mi-utioned cystic disease of the kidneys, 
abscess, renal embolism, hydatids, acute febrile processes, purpura 
hiemorrhftgicn, nteriiie and crural phlebitis. Renal hieniaturia 
may arise from the iugestion of certain drugs.as turpentine, oan- 
tharidia, and a nnmbcr of toxic substances. Lastly, hiemntuna 
of renal origiu may arise in consequence of traumatisms involving 
the kidneys, either directly as by blows or wounds, or indirectly 
tiom concussion. 

In vesical hxmaCuria the urine is usually alkaline in reaction, 
always so if accompanied by cystitis of long stauding. In such 
cases tbe urine is ammoniacal and thick from mnco-pus, and 
crystals of triple phosphate are usnally present. In vesical 
hematuria clots are mort.- common than in other forms of hiemor- 
rhage. These are usually of an irregular or ragged shape. The 
blood is brighter in color and less intimately mixed with the 
urine than in hematuria of renal origin. Stone in the bladder 
is perhaps the most frequent cause of htenmturia of vesical 
origin, and, in such cases, the blood is almost normal in appear- 
ance and is passed mostly at the close of the act of micturition, 
The grade of hiematurin in these cases depends largely upon tbe 
acuteness of the attack, In cystitis of the vesit^l neck the 
symptoms closely resemble those of atone. The most pronounced 
hiematuria of vesical origin is that associated with villous 
growths and carcinoma of the bledder-wnlls. The urine is 
usuaUy normal in quantity and specific gravity in such cases, 
and tbe reaction is usually feebly acid. The sediment is brownish 
red, flocculent.and often contains flesh-colored fibres and shreds. 
The quantity of blood may be so pronounced in these cases as 
to cause coagulation within the bladder, or, as is more frequent, 
shortly nfler the urine is voided. Vesical hiematuria is also 
common with neoplasms of the organ, fibrous tumors, polypi, 
and varicose conditions of the vesical neck. 

Htematuria of urethral origin may be known by the hicmor- 
rbage preceding the flow of urine as well as between the acts of 
micturition, the urine itself being usually unaltered in any of its 
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easentml oharacteitt. It may arise from lu-ute gonorrhtea, i 
plasms, traumatisms, iirctliral chancre, or from surgical upKratioa 
BucL as cutting or divulsiou of strictures. 

Ptcria. 

Tu8 may be derived from any pari of the urinary tract an^ 
appear Ui tlie urine a§ a sediment. The urine containing pua 1) 
always more or leas turbid when voided, and gives tbealbuminonj 
reaction. In their normal stat'e pna-corpiiscles appear under ti 




microscope as circular, pale, finely-granular discs, averaging in ■ 
size nearly double that of the red blood-corpuscle. They contain 
distinct nuclei, which are often multiple, — two or three. If pus 
he diluted with water, the corpuscles may be observed to slowly 
swell up and become paler, with more delicate outlines. This 
process is more quickly produced by ni'Ctic or other oi^anic acid, 
whicli renders the nui-lci very distinct, but causes the granulated 
appearance of the cell-protoplasm to disappear (Fig, 21). 

I'us-corpnseles are similar to, indeed practically identical 
with, mucous corpuscles, the white corpnscles of the blood and 
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lymph. When examined in the fresh state they exhibit the 
aiUKboid movements, and ulso show the usual glisteniug api>ear- 
ftuce of living protoplasm. As seen in the urinary aedimeiit, 
pus-corpuscles are dead, tlie iirotopLwm being cougulnted into 
conrse granules. 

The chief constituents of puB-corpuselcs are albuminous bodies, 
of wliich the largest proportion is Ducleo-nlbLimin, which is in- 
soluble in water, and which expands into a tough, slimy moss 
when treated with sodium-chloride solution. This substance is 
soluble in alkalies, but quickly changed thereby Into Rovida's 
hyaline substance. Besides ibis pus-corpuseles contain an albu- 
minous substance which coagulates at 49" C, as well as serum- 
albumin and peptone. The cell-protoplasm also contains, in addi- 
tion to the above, leeilkin^ choleslerin , xanthin boilieg, faf, mapa, 
and cerebrin. In pus from congested abscesses which have 
stagnated Some lime there is peptone, leuctn, and lyrogin, tree 
/ally acids and volatile fatly acids, such as formic acid, butyric 
acid, valerianic acid. Pyin also is a B|iecilic constituent of 
pus, — a nueleo-nlbumtn preeipitable by acetic acid. 

Pus may be derived cither from the free mucous surface of 
the urinary tract, an ulcer, or from tissue-substanve, and in each 
case it is likely to be mixed with elements from its place of 
origin which become of great diagnostic value. In addition to 
this pus-corpus clea themselves frequently contain mici-o-organ- 
isms which explain the pathological conditions of the parts troxa 
whence they are derived. PusK^orpnscles are greatly changeil 
by contact with potassium or nuimonium; the corpuscles swell 
Up and coalesce into an homogeneous, sticky mass, in which all 
but the nuclei are indistinguishable by the miiuoscoiie. Am- 
moniacal urine containing pus deposits a vitreous-looking, slimy 
mas<t, so sticky that in decanting it from a vessel it slips out en 
mange. The peculiar behavior of pus with caustic alkalies just 
alluded to forms the principle of Donnes's test for pus, by which 
the latter may usually be known without recourse to the micro- 
scope. The test is performed as follows : After the sediment has 
settled to the bottom of the glass or test-tube, pour off the 
supernatant urine and add liquor potnssa- to the deposit. 
If the sediment be pus it is at once converted into a glairy, 



183 ANALYBI8 OP UBIKE. 

gflulluous-like substance whioh adheres to the glass or flows H 

The turbidity of the urine cunUiniiig pus, &9 well as the m 
niuiit itsi'lf, otlc-Q resembles that due to the pnle, granular uraU 
The distinction, bowevcr, is easy, since Ueat dissipates tU 
turbidity dne to urates, while it only serves to increase 
due to the presence of pus by cORgnlating its contained album 
The pus-<Ieposit also Trequently reseuiblcs the earthy phospbat^ 
sediment, but the distinction here is also easy. The additio 
an acid promptly dissolves the phosphate deposit, while it onl 
increases the turbidity due to pus by coagulating its contailU 
albuminous elements. 

Clinical Significance.— Or all sediments met with in the una) 
that of pus is the most commun. Any alTectlon of any part < 
the urinary tract, from the slightest forms of irritation up to tM 
gravest lesions, are usually accomi>anied by pyuria. The clinici 
siguiBcance of pyuria, therefore, embraces a wide range t 
pathological conditions. 

The lirHt jioint to be determined, if possible, is to locate t 
particular field of the urinary tract from whence the pus orij 
nated. This may often be determined by the gunei'al characte 
of the urine, togethur with the nature of the accomtmnying i 
posits. When pus orij^inates from tlie kidney or renal pelvi 
the urine is most apt to retain its normal acidity. Round epfl 
thelium and even casts may be present, and if so it gives 
most conclusive evidence of the source of the pyuria, especialh| 
the presence of casts. When the pynria bos its source in t 
kidney or renal pelvis the pus is intimately mingled with I 
urine when voided, but it ipiickly settles upon Htanding, formia 
a whitish, flocculent sediment. The absence of bladder 
toms in pyuria goes far toward establisiuug the renal source 
pyuria. 

Pyuria is usually associated with such renal lesions as cbronl 
ditTuse inflammations, pyonephrosis, pyelonephritis, cancer, ' 
bercnlosis, and nephritic abscess. In pyelitis, either of calculou 
or obstructive origin, pyuria is always a prominent accompnnyilU 
symptom. 

When pyuria is of vesical origin the urine is often alkaliu 
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AmmonUcal — when voided; if not, it bood becomes bo upon 
BtiindJDg. The urine is likely kIso to contaiu considerable mucus ; 
so that tbc deposit is more glairy and sticky than in renal pyuria, 
lu addition to pus the urine is likely to contain sticli associated 
deposits as amorphous and triple pLosplintes and flat epithelium 
in excess I'rom the bladder-walls. Local symptoms sucb as fre- 
quent and painful micturition aid in pointing to the source of 
the pus-formation, 

Cystitis of all grades is always associated with pyuria, and 
the quantity of pus-deposit in these cases is often pronounced. 
Obstructive cystitis, vesical stone, ulceration, tuberculosis, and, 
in short, all bladder affections are ordinarily associated with 
pyuria. 

In uncomplicated diseases of the pTostate i>us appears fre- 
quently in the urine, often in the form of threads long drawn 
out. Somewhat similar threads of mnco-pua npi>ear in the urine 
in chronic gonorrhcca. These arc often rolled into little balls 
by the stream of urine as it flows down the urethral canal. The 
pyuria in acute gonorrhceal conditions is almost self-evident as 
to its source. If any doubts arise upon the question they may 
be readily settled by directing the urethra to be flushed, when 
the urine voided immediately after will be free from pus, if of 
urethral origin. 

Cefrrmiiialion of Blood and Pus in the Urine. — When, as is 
frequently the case, the nrine contains a very considerable quan- 
tity of blood or pus, it is of practical importance to be able readily 
to determine the amount of eitlier from day to day, in order to 
estimate ttie results of treatment. This may be rapidly accom- 
plished by means of the author's percentage tubes and centri- 
fuge. The process consists simply in sedimenting the urine in 
the percentage tul>es until the urine is clear, the sediment being 
completely packed in the tips of the tubes, when the bulk per- 
centage may be read off from the scale. 



Epithelidm. 
Epithelium from some part of the urinary tract 
forms a part of every urinary deposit, and, furtht 
to find scattering epithelial celli 



,.„lly 

usual 

the urine when tUe latter is in 
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all res]wi-ts nornml. Epttlieliiim is the normal product of mui 
surraoes, and inaj- be expected to be round in small amouDts in I 
any given sample of healthy urine. But in diseased states of the I 
urinary tract the liuing epithelium is often thrown off in very | 
considerable amount, forming plainly-visible urinary sediments. 

It was formerly believed that the various divisions of tlie | 
urinary tract possessed their own special forms of epithelium, and, ■ 
therefore, the special forms of epithelial cells found in tbe urin« J 
became valuable aids in loctiting the seat of lesions of the urinary I 
tnu^t. This view ia, indeed, stilt held by n number of proroinentJ 
observers. More aceunite and extensive observations, however, ^ 
have shown that this can only be depended upon in a very J 
general way. Very often the epithelium claimed to be chanio-4 
tcristic of certain divisions of tbe urinary tract has been found J 
in all its typical peculiarities in a totally different location. Tbia,. I 
however, is the more likely to lie the case in divisions moat J 
nearly located to each other. The divergent views upon this 4 
point, held even by the ablest and most es|)eriewced observera,, 
may be illustrated by the following: Sir William Roberts J 
describes the epithelium shed from the renal pelvis ns that of '| 
" very irregular, spindle-shaped, tailed, three-cornered, elongated| ,' 
fudely circular, etc." Dr. Dickinson has oarefldly figured thai 
epithelium taken from the bladder, and, in reply, Incoiiicftlly 4 
observes : " It will be seen that these varieties of form, even to | 
the et caetera, are equally characteristic of vesical disease." 

The epithelium in the urine may be classed under thresfl 
divisions (Fig. 22): (a) Small round cells, spheroidal, finely 1 
granular, with comparatively large nuclei and nucleoli, the latter 1 
excentrically located. They occur singly or collected into groups; ] 
in the latter case often cohering rather firmly, so that they floAt 1 
about iu masses. They sometimes contain fatty matter, whoa ] 
springing from long-diseased locations. These cells may be J 
found iu their most typical form in the convuluted tubes of the 1 
kidney. They also occur in the deep layers of the mucous tract J 
of the renal pelvis, bladder, and male urethra. These cells are I 
to be diatinguishcil fVom pusK-ells by their somewhat larger size, I 
larger and more distinct simjle midens, requiring no acetic acid 1 
to develop or bring the nucleus into view. No positive oonolo* J 
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BioDB can be drawn from the mere .ippenrnncc of these cells in 
the urine iii reference to the precise location from which they 
originated. It may be the kidney, renal pelvis, ureter, bladder, 
urethra, or urethral ghinds. If, in a given deposit, the ronnd 
cells in their typical form greatly predominate, and if the urine 
Contain albumin and there be other evidences of renal disease, 
it may be inferred that the cells come from the kidney. (6) The 
second form of epithelium met with in the urine is the columnar 
variety. These cells are of irregular though always elongated, 
form Tbey aie descrilwd as caudate spindle- and tylindrical- 
sUaped Thev are incluied to angularity in outline and, like the 
rounl cells hait a wellmaiked nucleus MsiHe without the 
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action of reacents. They may occur singly or in groups. The 
columnar epitbeliuin may be derived from the superOcial layer 
of the mucous mcmlirune of the renal pelvis, or from the deep 
layers of the bladder, ureters, or urethra. The statement of 
Ebstein,' that tailed epithelial cells aesocLited with pyuria con- 
stitute the most positive evidence of pyelitis, is quite untenable. 
More recent and accuiiite observation baa amply demonstrated 
that these cells exist in all their typical forms throughout the 
whole urinary tract, excepting the kidney itself, (r) The third 
variety of epithelium met with as a urinary sediment is the 

I C;clopBdlKof Medicine, toI. xti, p. ST4. 
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B<)uanaous or pavement form. These cells arc large, flat, some- . 
wLat rounded, tliuugL irregular in outline, iiud have a distinot ] 
and usually ccotnil nucleus, very prominent nitliout tlie aid of J 
reagents. These cells are derived chiefly from the bladder and 1 
vagina ; in the latter case the cells are usually larger tbnn those I 
from the bladder. 

Clinical Signifloanoe. — As already stated, little more IImq I 
inferences are to be drawn from the appearance of a particular J 
form of epithelium in the urine, as to the precise location of it* J 
origin. While certain forms of epithelium predominate upon tlw J 
BU|>erficial sur&ce of the mucous tract in certain locations, th» I 
deeper liiyer always contains transition cells, which approaob 1 
more nearly those of the surface layer in other locations, 
diseased conditions, therefore, cells are thrown off from both tbe J 
surface and deep layers, and the epithelium is nearly always,! 
accordingly, of mixed varieties. 

But if we are unable to locate tbe anatomical seat of a lesion 1 
by the character of the deposited epithelium, we may, nevertbe- i 
less, gather information of value as to the nature of the patho-J 
logical condition present from the exfoliated cells found in thO'] 
urinary sediment. With regard to renal lesions, it may l>e state 
that practically the whole class of so-called Bright 's lesions are a.tr-M 
tended by epithelial sediments in the urine. Tn the acute dilftiM f 
inflammations of the kidney the round epithelial cells Ttam tbe J 
urinary tubes are often thrown off in large quantity, so as to form-l 
a very considerable sediment. For the most part, in such c 
the epithelium is in a good state of preservation, the nuclei and"! 
outlines of the cells being sharply marked. In the more cbronic'l 
lesions of the kidney the round epithelium appearing in the j 
sediment is often fatty, the sp.ice between the nuclei and cell- 
walls being sometimes filled with oil-globules. The cells tbem- J 
selves are often [lartly disintegrated or broken down, presenting I 
a ragged appearance. These part ly-diaorganized cells may oflen | 
be seen adhering to renal caste, or they may themselves become I 
adhered together, forming casts. 

In chronic interi^titiul nephritis and uncomplicated amyloid j 
disease of the kidne3's hut little desquamation from the renal j 
tubules occurs, and in these cases the fewest round cells occur u 
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tbe urine. On the other hand, in acute scarlatinal nephritis the 
number of round epithelial cells in the nrine is sometimes enor- 
mous. In acute congestive conditions of the kidney a very 
decided deposit of round cells are sometimes met with in the 
urine, without other pronounced changes in the latter save 
albnminurin. 

In pyelitis and diseases of the renal pelvis considerable de- 
posits of epithelium are met with, and iu such cases, although 
round cells may be present, the tailed and spindle-shnped cells — 
columnar— are more apt to predominate. 

In cystitis thei'e is more or less deposit of large flat epi- 
thelium. If the cystitis be of mild grade or largely confined to 
the superficial surface of the mucous coat of the bladder, the large, 
fiat, irregular-shaped epithelium pre<lomiuated, but in cystitis 
involving the deeper layers the large flat cells are more likely to 
be mingled with the columnar variety. 



URINARY CASTS. 

Urinary casts have always and very properly been regarded 
of the highest diagnostic value. They were prolmbly first seen 
)iv Vigla and Hayer, but the able investigations of Uenle and 
Rovidn guve to the profession the most complete information as 
to their character and significance. 

Three chief views have been held as to their nature and mode 
of production : — 

First, that thoy are the result of disintegration of the epi- 
thelium of the renal tubules, the resulting products becoming 
packed into molds by the pressure of urine, until at length Lhey 
slip thi'ongh the smaller convoluted into the large straight tubes 
niid appear in the urinary sediment. 

Second, that they consist of a secretion of the morbidly 
irritated epithelium lining the renal tubules, which become caked 
into molds and are washed down with the urine. 

Third, that tliey consist of coagnlable elements of the blood 
which gains access to llie renal tubules through pathological 
lesions of the latter, and that any free or partly-detached prod- 
ucts of the tubules become entangled in this coagnlable product, 
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nesistiiig to Torm the molds of the tubules, wtiicli fiubseiiuently 
appear in the urine ns cAsts. 

TUe last view is the one most generally iiccepteii, at leaat so 
far as the nature and origiii of the great majority of casts are 
concerned. 

Although the scltstance fonning the basis of casts is evi- 
dently closely allied to proteids, yet it is certain that it is not 
identical with any proteid with which we are at present familiar; 
perhaps it is a derivative thereof. Rovidn claims for hyaline 
casts the characteristic of being soluble in dilute mineral ocida, 
Kenal casts have been variously classiBed, but the most useful 
division for clinical study is as follows : — 

1. Tho!4e consisting of anatomical elements such as epitheliaV 
cells, blood- and pus- corpuscles. 

2. Those consisting of the products or broken-down elements 
of anatomical substances. 

3. Those clear casts often termed "hijaline" the nature of 
which, as well as is their origin, is still a disputed question. 

The first division naturally includes those casts hirgely made 
up of (a) red blood -corpuscles, (b) leucocytes, (c) epithelial cells, 
(d) masses of l)auteria. 

The second division comprises (a) granular casts, (h) fatty 

The third division comprises (a) narrow hyaline casts. \b) 
broail casts, (c) composite casts or those largely clear, but more 
or less coated with the elements enumerated in the first an<i 
second divisions, such as blood, pus. epithelium, fat, etc. 

Blood-Casta. — Tliese appear in the urine under conditions 
wbich give rise to htemorrhage within the urinary tubules. 
Under the microscope they oOen appear as very beautiful objects. 
The perfectly-preserved corpuscles may be observed gUicd to- 
gether in perfect molds of the tubules, being usnnlly short, of 
pretty uniform diameter throughout, and with rounded ends. 

These casta are met with in the urine in hiematuria, acute 
diffuse nephritis, acute renal congestion, and hH>morrhagic in- 
farctions of the kidneys. Blood-casts do not In themselves 
nirniab positive evidence of organic renal disease, since any 
hffimorrbagc of the kidney may have associated therewith blood- 
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casta in the urine. Ou the other hand, it may be stated thnt the 
[)reseDce or blood-casts in the urine constitutes the only positive 
evidence ot the existence of renal hemorrhage. Blood-CHstB 
may be considered as belonging to the rarer forms of renal casts 
found in the uriue, and they :tre usually difficult to find, since a 
large setliment of free blood-corpnscles usually accompanies 
them, which greatly obscures the microscopical field. 

Epithelial Casts. — These result from pathological conditions 




which cause exfoliation of the epithelium of the renal tubules. 
Sometimes the epithelial lining of the tubules is thrown off intact 
for short distances, resulting in epithelial cylinders which possess 
lumens. The epithelial cast also occurs in a solid form, the 
body being made up of hyaline substance and the snrface covered 
with epithelittl cells. These cells, as viewed under the microscope, 
appear more or less swollen and granular, with ill-defined margins. 
In some cases the epithelial cells appear in rows or in patches 
over the surfaces of the casts (Fig. 23). In other cases the 
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epitheliftl eelln have partly UDdergone degeneration or conl^in 
dotlets of Tat. These are ntgDiScatit of chroiiit^ or, at least, fntty 
changes in progress in the kidney. Finally some costs are to 
be seen which are entirely composed of epithelial t-ells aggluti- 
nated together. Epithelial casts are DHiinlly of raetUum size and 
length, refracting light to a comparatively high degree, and are 
therefore easy to discover in the microscopical field. They resist 
the action of chemical reagents to a greater degree than most 
other casts, except those that are partly metamorphosed. The 
presence of epithelial casts in the urinary sediment may be taken 
as a positive evidence of inflammatioD in the anatomical struct- 
ures from whence they originate; aTid they are consetjuently 
sediments of the highest diagnostic value. 

PUB-Casts. — Casts composed exchisivety of pus-corpuscles 
are cseeedingly rare. Not infro(|ueiitly, however, comi>ound 
casts are met with, compose<:l of epithelium or granular matter, 
in which scattering pus-corpuscles may be seen dotted over their 
surfaces. Johnson has described and illustrated casts entirely 
composed of pus-corpuscles which came from subjects who sub- 
sequently died of multiple abscess of the kidneys. Such casts, 
howei'er, have rarely been noted by other observers. 

Bacterial Casts,— It is no rare occurrence to meet with casts 
in the urine which are compoi4e<l of masses of micrococci. In 
appearance they closely resemble the dark granular casts, but 
they are readily distinguishable from the latter by their resist- 
ance to such chemical ageuts as strong mineral acids and caustic 
alkalies. They are more opaque than other casts, of a grayish 
color, and are unifonn and very fine in their outlines. The use of 
high microscopical powers will render confusion in distinguishing 
these casts almost im|KtBsible. The discovery of casts in the 
urine made tip of bacterial masses must be taken na a factor of 
very grave significaiioe, since tlicy are chiefiy found in septic 
forms of nephritis often accompanied by embolism. They occur, 
therefore, in interstitial suppurative nephritis or ascending pye- 
lonephritis. 

Granular Casts. — This form of renal cast comes nnder the 
second division named, being the result of metamorphosis of 
anatoiuical elements, usually of epithelium, pus, or blood. Oranu- 
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lur cnstd are found in the urine in great variety, Ete Is ebown by 
tlie terma frequently employed to designate tliem, such ae Jineti/ 
granular, coarsely granular, granular, highly granular , mod fr- 
ately granular, light granular, dark granular, ete. 

Granular casta vary much in size and shape, as well as in 
appearance. They are most often met with in fragmentary 
lornis, only occasionally preserving their untirety or perfect 
furms. They are irregular hoth in their coarse and fine outlines, 
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and tbeir ends are usually ragged, as if recently fractured. The 
grmnulattons are often exceedingly fine, requiring high powers to 
distinguish them ; while, again, they are coarsely granular, which 
is apparent with comparatively low powers (Fig. 24). They are 
of various colors, as yellowish, white, gray, and brown. They 
may have scattered over their surfaces epithelium, leucocytes, fat- 
globules, or fatty crystals. Granular casts have generally been 
regarded as Indicative of pathological conditions of the kidneys 
of chronic or degenerative character. 
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Fatty Cssts.— ll baa alreAd; been stated tliat fatty elements 
are sometinies Hceti mingled with tlie elementii of e in 111 el ta I casts, 
and the same limy be said with regard to grniiiilar and many 
other forma of casts. But, in aitdition to these, highly-refracting 
vasts are often met with in the urine, whose surfaces are com- 
pletely studded over with fatty globules and, less ottca, with One, 
needle-like, fatty crystals (Fig. 25). Fatly casts are the result 
of a dilTerent form of transformation of anatomical elements from 
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the last described. They constitute the Index of fatty changes 
in the kidncyn, anil are found in their moat typical form in 
■' large white kidney, " They may be looked upon as evidences 
of pathological states of the kidney, the chief feature of which 
is extreme chronicity, since they are probably the result of com- 
plete destruction of the cell-protoplasm, which becomes replaced 
by fatty elements. 

Hyaline Casts. — These are pale structures of variable but 
usually Considerable length, sometimes very difficult to detetit in 
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the secliment (Fig. 26). Sometimes tbej- exhibit no gnmulation 
whatever upon their aurfiiceB, being, in I'act, almost trauaparent. 
Much more frequently, however, they exhibit very fine graniila- 
tion of & very light color. They may eshibit here and there a 
dotlet of oi! or ft fragment of epithelium upon their aurfacea, 
and, indeed, this is usually the case, although such casts are 
considered strictly of the hyaline order. 

Witli regard to the origin of hyaline casts, much difference 
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of opinion has prevailed. Oertel contended that they were the 
result of secretion from the epithelial cells of the renal tnbules, 
and in this opinion he was supported by Kovida. Bartels, on 
the other hand, holds that these casts are fornie<i by n coagula- 
tion of the albumin or its derivatives excreted with the urine. 
As evidence of this, lie slates that they are only present in urine 
that is albuminous, or that has very recently l>een albuminous ; 
for the occurrence of albuminuria and casts are not always 
simultaneous. 



l\U ANALYSIS Of IIRIKE. 

While the origin of the hyaline casts is not at present a 
clearly understood as most of the other forms, it is probaU 
that they are formed by coagiilnhle elements of the blood vhiofe 
baa gained access to the renal tubules. The experiments on 
Ribbert upon aninmls indicate tlmt hyaline casts may reaul 
directly from exudation of albumin into the tubules; and the! 
diaappcarance from alkaline urine uj>on standing further ini 
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catca their close relationship to albuminous bodies, as long siiu 
demonstrated by the author.' 

Numerous observers have claimed to have found hyaline cast^ 
in non-nlbuminons urine, but the author agrees distinctly wftl 
Bartels in that he lias never met with them save in albuminoiM 
urine or uriue thiit has recently been albuminous. 

The disposition by some to regard hyaline cnsts of the smal 
narrow order as of no serious imjwrt is n mistake of the gravea 
character, for, indecil, they are often the ehief evidence, so fa 

I Jouniml of tbe American Mcdfi-ikJ AuouliUou, September 13, 1S6S. 
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the urine is concerned, of the existence of a moat serious form 
of renal disease, viz., interstitial nephritis; for it should be re- 
membered that in such cases albuminuria ia nearly always small 
in quantity. 

In addition to narrow hyaline casts which doubtlcas come 
from the smaller tubules within and altove tbe middle zone of 
the kidney, the urine often contains large; broad hyaline casts, 
evidently emanating from the large, straight tubes of the pyra- 
mids. As ft rule, these larger, clear casts are more refVacting, 
and consequently more distinct both in body and outline than 
the narrow casts. They are also more indentated at their mar- 
gins, although pretty uniform in their dimensions. There ia a 
form of hyaline cast, usually of large size, that occasionally — not 
always — exhibits the characteristic amyloid reaction with methyl- 
violet and iodo-potasaic iodine solutions. They are large and 
usually rather long, and their surfaces may be marked by inden- 
tations showing imperfect vertical segmentations, — "tape-worm 
form " (Fig. 27). The term xcaTi/ as applied to these casts is 
inappropriate. It was formerly thoirght that these casta were 
characteristic of amyloid changes in the kidneys, but more ex- 
tended observations have shown that they are found in all forms 
of nephritis. " These casts may exhibit the amyloid reaction in 
the absence of amyloid kidneys, or they may fail to exhibit it 
when amyloid disease of the kidney is present, and therefore no 
diagnostic value can be attributed to the reaction, save, perhaps, 
as indicating degenerative changes in the casts themselves" 
(Roberts). These costs are of comparatively rare ooourrence. 

Cylindroids. — In addition to the casts described, the urine 
sometimes contains the so-called cylindroids of Thomas, who first 
observed them in the urine in a case of scarlatina. Tliese are 
long, wavy, ribbon-like structures, which often divide and sub- 
divide at their ends with diminishing diameters. These ends 
may be folded or twisted in corkscrew form. They are pale, 
colorless, and of greater length than tbe ordinary casts described, 
and rarely, if ever, have attached to them any celliiinr elements 
whatever. They appear flat and do not give the impression, to 
tbe eye, of being solid structures like true renal casts. It seems 
not improbable, however, that these cylindroids come from the 



191 



ANAI.T6IB OF ORINS. 



renal tubules. They occur in nephntts, cy§titi8, and renal co»-i 
geslion, and may be present in urine that ta free from nlbiiniiii.fl 
'I'liey are not characteristic of kidney disease, but probably moral 
often caused by irribilion of tlie lower urinary tract, which 1 
in a lueasure, extended to the kidneys. 

Lastly, it may be stated that casts are sometimes mot with ii 
tlie urine composed ef urinary crystals or granular salts. Only 
those composed of mates and liiematoidin have thus 1 
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observed, and they are of little practical signilicance, being onln 
found in the urine of infants, or in cases of gout, renal conge»'4 

Method of Searching fbr Casts. — Since the more recent I 
nii-lliods of obtaining the urinary sediment by means of thcl 
eeuti'ifuge, we no longer encounter the obstacles which werefl 
ofti-n very annoying and sometimes almost impossible to Bur«l 
mount in making a satisfactory microscopical inspection of tlw 
urine. The obstacles referred to especially were the following;^ 
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(a) The difficulty often encountered in getting casts to settle 
in urines of high specific gravity, because renal casts i 
comparatively light weight and often float in such urines for 
hours without subsiding. (6) The ehauges in the urine upon 
Standing often altered the esaential features of the deposit, as 
before stated, sometimes rendering them unreeiignizable. (c) In 
urine which stood long enough to secure the sediment, the micro- 
scopical field sometimes became so crowded with micro-organiauis 
that the organic |)roducta were comiiletely obscured from vision. 
Happily, these diJllculties &re now matters of the past; and it is 
only necessary to secure a freshly -voided sample of urine, submit 
it to the centrifugal apparatus for two or three minutes, and we 
have a true and unaltered setlimeut, that exactly represents the 
pathology of the urine as it leaves the urinary tract. 

The urinary sediment obtained — always prefi-riibly by the 
centrifuge — ia best examined in a shallow cell, upon a glass slide 
carefully covered with a cover-glass. This is best secured by 
taking up about 4 to 6 drops of the sediment in a nipple-pipette 
(Vom the bottom of the 8ediment-tul>es of the ap|Mtratita, and 
placing them upon a carefullj-cleaned slide, then placing the 
cover-glass over the cell, and with the thin, freshly-torn edge of 
a piece of blotting-pagier removing the excess of urine, which 
tends to spread over the cell anil along the slide. By this means 
the sediment constitutes a temporary mount, so that it may be 
examined at nny angle without flowing out of the cell. The slide 
is next placed under the microscope, which is adjusted with a 
J-iuch objective for ordinary search, and examination conducted 
in a clear, but not too bright, light. 

The greatest difBculties encountered in searching for casts in 
the urine will usually be met with in the case of narrow hyaline 
casta. These bodies are so transparent and non-refracting that 
they are exceedingly liable to be overlooked. This may often be 
avoided by proceeding as follows: After securing an accurate 
focus of the Held liy careful regulation of the fine adjustment of 
the instrument, gradually darkeu the field by the mirror-adjust- 
ment and throw the light obliquely across it, illuminating the 
field, in fact, but about one-half or two-thirds its extent. Next, 
by slowly moving the slide about, the ditferent features of the 
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soliineiit are [iresented to view in dilTt^rent ligbts, and the outlines I 
or attadums or fine hyaline casta will oden be brought into viewer 
wheu they would be perfectly transparent and unobservable in afl 
more direct reflection of sharp light. Ont-e the outline 18 seen^l 
by careful re-focusing the cast often stands out with distinclnesa. J 
if doubts reniaiu as to its true nature, by depressing liolh endil 
of the slide with the finger-tips currents will be create<l in the] 
nriue beneath the cover-glass (if mounted as directed), so thaCJ 
the vast will be made to move and even roll over, which will often J 
settle any question as to its nature. The author has not found I 
it necessary to treat these casts with staining agents to bring I 
them into view, although this may be practiced suceesefolly. It J 
is, however, preferable, if possible, to view the microscopical de- 1 
posit, and especially renal casts, as nearly as [K>ssible in their I 
native state, for obvious pathological reasons. 

gPERMATOZOA. 

Spermatozoa are thread-like bodies provided with a head and I 
a long, tapering, tail-iil(e extremity. The head Is of a flattened I 
oval shape with a central depression on either side. The head I 
and tail are united by an intermediate, cylindrical-form body or ] 
neck of uniform size. The entire length ofa spermatozoon is about I 
tltn inch. When freshly ejected with the spermatic fluid s|)erina- 1 
toitoa exhibit active, ecl-l ike movements, as though endowed with [ 
separate life, and under favorable circumstances — warmth and 
moisture — they long retain this capability. These movementa I 
may be observed in the body for several days after death, and u 
the uterine secretion longer than a week. The cause of the J 
movements in spermatozoa is unknown, though it has been con- 
tended that they are mere floating cilw. Acid liquids stop these ] 
movements immediately, as do strong alkalies, especially ammo- I 
niacul litjuidH; also distilled water, alcohol, ether, etc. Sperua- J 
tozoa show great resistance to chemical reagents. They do not J 
dissolve completely in snlphuric acid, nitric aeid, acetic acid, nor i 
in lioiling-Uot sodium solutions ; but they are dissolved in boilin 
cnustie-potassium solution. They resist putrefaction, and after ] 
drying they may be obtained again in their original form by j 
moistening them with a 1-per-cent. sodium -chloride solution. By J 
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Cftrefiil beating ami Imniing to ash the shape of these bodies are 
aaid to be seen in the ash (Hainmncsteu). 

As foumi ill the mine sijerruiitozoa are nearly always in the 
quiescent atate, and they may be found in the urine which has 
stood for days, tlit-ir typical form being well preserved (Fig. 29). 

Clinical Significance. — Spermatozoa are only Tound in semen 
or fluids miiigltd lhi'rt:n'ith. Their persistent absence from 
seminal fluid itidientes sterility or iiicnimbility of procreation. 
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Spermatozoa may be found in the urine after every ejaculation 
of seminal fluid, and therefore they may aid the physicinu in de- 
tecting masturbation. Spermatozoa are found in the urine in 
some cases of severe illness, sut'h as tyjilioid fever, typhus puen- 
monia, and after epileptic attacks. A very constant deposit of 
spermat'jzoids in the urine constitutes an essential feature of 
spermatorrha?a. In such cases the urine often shows the presence 
of white flakes, which under the microscope appear as masses of 
Spermatozoa and finely-granular matter. 
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Fraumknts of Tumoks. 

Coiitmry perhftps to genoral belief, rr:Lgmeuls of nen gronthi 
are rarely met nith hi the urine, and Iboac Lhat arc oocfksionalljri 
enuuuiitered nearly always originate in the bladder. Sma^ 
po]y|>i have been found in the urine a few times, us well as t\ 
inenls of vIUoub growths. More often, perhaps, carcinoma ofl 
the bladder parts with some of its constituents, i 
queutly ap[>ear in the urine. lu such cases the fragments »tH 
usually necrotic, and therefore practically impossible to reoDgnise 
The typical villous growth appears in its finest subdivisioiis > 
characteristic, tree-like branches — "fringe-lite^' — which consiati 
of enlarged vessels covered with a single layer of epithelium ; but^l 
owing to the necrotic changes resulting in their disintegralion,! 
these fragments are seldom seen in the urine in typical fom 
The epithelium has usually undergone molecular degeneration J 
accompanied by bacterial life, and the villus itself is infiltrate 
with the products of Buppnratlon. It is only occasionally t 
forms are met with which assist in diagnosticating villooi 
growths. Thus, crystals of haimatoidin may be observed in tbfta 
necrotic masses, or they may be brought out frequently by? 
treating the masses with glycerin. They may be recognized by J 
their brownish-yellow color; small, rhoiuboidal form; or yellow, j 
grass-like tufts. Treated with nitric acid and observed underfl 
the microscope, the well-known piny of rainbow colors reveal*] 
the presence of biliary coloring matters. Since btematoidial 
occurs iu the urine only in isolated crystals, it follows that, if J 
found imbedded in necrotic masses, it goes far to establish i 
diagnosis of cancer, since such conditions arc only found witJl^ 
such growths (Jaksch). UfematoidiD villus is rarely rccognizeda 
save in acid urine, because in alkaline urine the villous tissue i»'% 
more disintegrated and mixed with phospbatic deposits. 

Cancer of the kidney can rarely, if ever, be diagnosticated J 
from the natui-e of the anatomical sediments in the urine. Thai 
transitional epithelium, more or less abundantly present in sill 
infinmmalory conditions of the urinary trad, simulates so closely 4 
those of cancer that it is never safe to draw any positive concln- 1 
sions as to the presence or cancer from this source. It is only J 
when considered in connection with other symptoms, such t 
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Iiiemorrhagc, pain, cachexia, etc., that a positive diagnosis may 
usually' be reached. 

BACTERIURIA, 

It hfts been generally accepted that healthy urine whan freshly 
voided ia free from bncteria, and is, in fact, an aseptic fluid. 
Over thirty years ago Pasteur demonetmted that such urine is 
Bterile, and this has been repeatedly conflnned since. If, how- 
ever, the oi-dinary normal urine be allowed to stand for some time 
at ordinary temperatures it becomes crowded with micro-oi^an- 
isms. This is due to the fact that tlie urine contains so large a 
percentage of or<:nnic matter that it practically constitutes a 
culture medium for many forms of these organisms. 

Abnormal urine nearly always contains micro-organisms, of 
which- nearly forty varieties have been 
isolated to date. They practically all „ 

belong to the class of fungi, and for B 

purposes of study may be dividetl into 
two classes, viz. : (it) von-fathogenic ''^f' " **" ' 

fungi, or those which are innocuous, tg " <^ 

and (b) pathogenic /ungi^ or those o " ° 

possessed nf pyogenic powers. o "JS* 

Non -pathogenic Fungi. — These in- *o • * • 

elude moliir, yeasls, and finHon-fitngi. • % $t° o 

Holds are of comparatively rare fio. ao.— vaAST-FiTNODs or 
occurrence in urine, even when under- Uhim". (Alter H»riej.) 
going ordinary decomposition; but if 

dialwtic urine be allowed to undergo alcoholic fermentation, at 
its conclusion molds make their appearance in quantities upon 
the surface of the urine, which also becomes crowded with 
yeast-fiingi. 

The yeaal-planls of the urine {naccharomycea urinx) are 
single cells of about the size of blood-corpuscles. They are dis- 
tinguishable from blood-cells by the irregular and occasionally 
large size of the cells, the presence of a nucleus in the larger 
e|>orules, and their more elongated or oval form. Usually these 
cells are arranged in Ijead-like forms, some of the beads having 
several amal! bud-like cells attached to them ( Fig. 30). For their 
development it is necessary that the urine be distinctly acid, and 
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they ce&se to multiply if the uritie l>ecome s 
ence of yeaHt-fuogi iu the urine iu large uum 
certain evideuce of the presence of sugar. 

Fis»i(m-fu.nyi are associated with urhie tending toward putre- 
factive changes. Sueli uruio is more or less cloudy when voided ; 
it is never sharply acid; on the contrary, it is uaimlly neutral in 
reaction or fuelily alkaline. Examined under the microscope it 
is seen to be crowded with micro-organisms in active motion, 
such as the more common forms iu ilecom posing organic fluids, 
the most familiar being the well-known baclerium (ermo. The 
urine on standing does not clear, and, moreover, it does not clear 
by filtration, and it tends to rapidly pass on into ammoniacal 
decomposition. This condition of urine is 
moat often met with in weakly and en- 
feebled people, and iu men who have 
urethral stricture, or who have frequently 
had catheters or bougies passed. In the 
process of ammoniacal fermentation of 
the urine, urea is transformnd into ammo- 
nium carbonate through the agency of 
bacterinl life. To each molecule of urea 
two molecules of water are supplied, and 
the chemico-vital change wrought by 
bacterial activity results In two molecules 
of ammonium carbonate. The chief agent concerned was 
formerly believed to be the micrococcus ureas, as almost pure 
cultures of this organism are often observable upon the surface 
of the decomposing urine. It has recently been shown, however, 
that nearly all microbes found in the urine possess the above 
powers to a greater or less extent. The micrococci ureas are 
organisms of comparatively large size, and are mont frequently 
observed in long, chain-like strings; although they also occur 
as free and indei^ndent, minute, round objects (Fig. 31). 

Ammo/tiacal bacleriuria is most frequently met with in cases 
of obstructive cystitis, in which more or less residual urine 
remains in the bladder, as often results from paraplegia or 
enlarged prostate, and urethral stricture of small calibre. The 
frequent use of instruments in the urethra and bladder often 
results in this condition. 




ANATOMICAL SEDtMKNTS. 203 

In ndOition to the micrococcus ure», the urine may contain 
various otber I'orms of nou-patfaogenic fungi, including rod-like 
liacteriti of various forms and aiatea. Oceasionallj* long, spiral 
bacilli, with large spores and cocci, are met witL in the urine. 
These are often groiipetl in various-shaped inassta, usually of 
darit color and variable sizes. For the most part, these organ- 
isuie gain access to the bladder through the urethra. This may 
take place through disehargeK or, more commonly, by the use of 
instruments. 

Pathogenic Fungi. — The pathogenic bacteria found in the 
urine for the most part belong to two orders, — viz., micrococci 
and bacilli. 

The vncrococci found ai'e those chamoteristic of suppurative 
diseases in general, and include the slaphi/tocuccus pyogenes albus, 
aureus, cilreun, and the aCreplococciig pyogenes. The action of 
these germs is general, which accounts for their frequent presence 
in the urine. To these must be added the gonococcue of Neisser, 
which will be considered later. 

The bacilli met with in the urine include the urobadllut 
liquefaciens nepHcus, the bacillus coli communis, the tubercle 
bacillus of Koch, liesides a number of others less widl known. 

In hU infective diseases in the healthy organism, if life be 
not destroyed thereby, the microbes must either be destroyed in 
the blood and tissues by the process termed phagocytosis, or be 
eliniiuateil through the excretory organs, usually in an active 
state. The fact of the rapid disappearance of most micro- 
organisms from the blooti, when injected into the circulation of 
the healthy or(.'anism, indicates that the corpuscular elements 
of the blood have the power of destroying these organisms, — at 
least, to a large extent. Passing from the blood into the tissues, 
these organisms meet with the same warfare in the tissue-cells. 
Should, however, both of these sources of phagocytosis prove 
unsuccessful in destroying these organisms, there still remains a 
method by which the unassisted organism may rid itself of these 
microbes, — viz., by means of elimination through the excretory 
channels; and in this process the kidneys and intestinal canal 
are the chief organs concerned. The frequency with which the 
kidneys become infected in the course of general tuberculosis 
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furniBhes proof that tlieae urgutis iiru tlie source of eliminatioi 
of tubercle bacilli. Further more. PhUJpowicz has succeeded t 
producing tuberculosis in animals by iujecting urine into tll| 
peritoneal cavity wbicL was laken from tuberculous subjects. 

Neumann has demonstrated the chRrHcteristic microbes a 
typlius, pneumonia, and pyKiuta in the urine in the course C 
these diseases, and tie has cultirated fVom the urine, in acuH 
etidoearditiH and osteomyelitis, the staphi/lococcug pi/oggtu 
aureus. Neumann furthermore claims that the microliea vhiflll] 
gain access to the circulation often localize in the capillary i 
vessels of the kidney, there causing multiple lesions without in- 
volving the whole organ ; and through these If sions uomc of the 
microbes gain access to the uriniferous tubes and appear 
the urine. 

Schweiger has conclusively demonstrated that the urine 
scarlatinal subjects is distinctly contagious ; and he regards ■ 
renal lesions arising in the course of infectious fevers of microblJ 
origin. Finally, it may be mentioned that Rimann has conclot 
ively demonstrated the passage of bacilli through the kidneja 
in the following manner: The bacilli discovered in the pna o 
ozrena was cultivated in gelatin and agar and stained intensel; 
green; al^er dilution with physiological solution of sftlt, 
culture was injected directly into the circnUtiou of a dog, ( 
and rabbit ; after a time these stained microbes appeared ia tlu 
urine in large numtiers. 

Of the various pathogenic microorganisms found 
urine, the recognition of the bacillus tuberculoBie of recent yes 
claims the greatest clinical interest. It nm,v be stated that t 
presence of this bacillus in the urine, es])ecittlly when arranged 
in S-shajied aggregations, or in colonies of irregular 
points with unmistakable certainty to tubercular ulceration C 
the urinary tract. Fortunately for diagnostic purposes, if tlu 
tubercle bacillue appear in the urine at all, it usually occurs ii 
abundance, and may, with recent methods, be recogniz 
masses often arranged as in pure cultures. 

In all cuaes of purulent urine accompanied by amemia, wast* 
ing, and eveuing temperature, the urinary sediment should 1 
examined for the presence of tubercle bacilli. Of course, moH 
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(a) The difllciilty often eiicount«re<l in getting casts to settle 
in urines of high specifiu gravitv, bcciiuse renal casts are of 
comparatively light weight and ollen fli>at in such urines for 
hours without subsiiting. (b) The ihanges in the urine upon 
standing often altered the essential fe:itures cif the de[Hiait, as 
before stated, sometimes rendering them unreougiiiznblc. (c) In 
urine which stood long enough to secure the sediment, the micro- 
scopical field sometimes became so crowded wltb micro-organiaiUB 
that the organic products were completely obscured from vision. 
Happily, these difficulties are now matters of the past ; and it is 
only necessary to secure a Treshly-voided sample of urine, submit 
it to the centriAjgal apparatus for two or three minulis, and wo 
bavtf a true and unaltered sediment, that eiuictiy represents the 
imthology of the urine as it leaves the urinary tract. 

The iiriuary sediment obtained — always [irtfcrably by the 
centrifuge— is best examined in a shallow cell, upon a glass slide 
carefully covereil with a cover-glass. This is l>eBt secured by 
taking up about 4 to 6 drops of the sediment in a nipple-pipette 
fh>ni the bottom of the sedimenUtubes of the apparatus, and 
placing them u[H>n a carefully-cleaned slide, then placing the 
cover-glass over the cell, and with the thin, freshly-torn edge of 
a piece of bIotting-)>a[>er removing the excess of urine, which 
tends to spread over the cell and along the slide. Uy this means 
the setliment constitutes a temporary mount, so that it may be 
examined at any angle witliout flowing out of the cell. The slide 
is next placed under the microecope, which is adjusted with a 
J-inch objective for ordinary search, and examination conductetl 
in a clear, but not too bright, light. 

The greatest difficulties encountered in searching for c«at8 in 
the urine will usually be met with in the case of nari-ow hyaline 
casts. These bodies are so transparent and n on -refracting that 
they are exceedingly liable to In.* overlooked. This may often be 
avoided by proceeding as follows : After securing an accnrate 
focus of the field by c-Arcful rcgulatiou of the fine adjustment of 
the instrument, gradually darken the field by the mirror-adjnst- 
racnt and throw the light obliquely across it, illuminating the 
Held, in fact, but about onc-hsif or tno-thir<ls its extent. Next, 
by slowly moving the slide about, the diRbrcut features of the 
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patient eenrch is uecessury than in tfae exnmiiiatioD of sputa, 
owing to the dilution of tubercular pus bj the urine, and it is 
necessary to concentrate it as much as possible for the some 
reasons. This is best accomplished by the centiifuge for obvious 
reasons. The purulent deposit of tubercular urine should be 
treated precisely as the sputum in searching for tubercle bacilli. 
Should dilHcultics be cneouutcret-l in finding the bacilli when the 
symptoms strongly point to their presence, or should doubts 
arise as to the true character of the bacilli found in the urine in 
any given case, the inoeulation of animals with the sediment 
or plate cultures thereof should be resorted to Ijefore negative 
conclusions can t>e positively reached, indeed, unless the time 
required for the latter be a mutter of importance in the case 
(which is very seldom), the plate cultures are the easiest and 
most certaiu method of success. 

Qonococci were first discovered in the pus of gonorrbcea by 
Neisser. Thej- consist of minute, roll-shaped cocci. They are 
chiefly met with as diploeocci, the individual cocci being seem- 
ingly divided by a bright, transverse band, often presenting the 
80K:alled " roll-form " ; also termed " kidney- " or " bean- " shape. 
The cocci usually apjjear in pairs lying close together, their flat- 
tened surfaces usually presented to each other. They multiply by 
each coccus splitting in two. Bodies in all respects resembling 
gonococci, so far as present methods are able to determine, have 
been found in the genital tract under the most variable conditions, 
and this fact has tended greatly to diminish the diagnostic value 
of these organisms. On the other hand, it is pretty well estab- 
lished that the presence of gonococci within pus-cells in purulent 
urethritis is characteristic of infective gonorrhiea. In all cases 
of recent infection with gonorrhoea the B|>eciflc gonococci are to 
be found within the pus-cells in abundance, although they are 
not limited to this location, but may be seen in the epithelia, as 
well as floating in the li()uor puris. This cannot be said of the 
non-infective forms of diploeocci. The gonococeus is best stained 
in gentian violel. methylene blue, or fuchsin, after which it may 
be rinsed in water and examined under the 'microscope. 
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Distoma Hsmalobium. — Tliia purnsite has frequently been i 
roiiml in Llie poiUl vein nml its braiii-bee. in tlic splenic and f 
mestutcric veins, and Jii the venous plexuses of the Madder and | 
rectum (Fig. 33). From the investigations of Bilharz, it would ( 
seem that more than half the adult Fellaheen and Coptic popu- 
lation of Egypt siilfer iVom this parasite. 

The eggs of this parasitt; arc found in numbers in the urinary 
passages and in the urine. They nrc usually accompanied hy 
blood, pus, and sometimes by considerable fat. The eggs are 
oval, flaak-shaped lx>dieH, with rather sharp projections from 
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their anterior extremities. They measure rather less than jJo 
inch in length. 

When confined to the larger veins, these parasites do not pro- 
duce much damage; but if they invade the smaller vessels, 
notably those of the submucous tissues of the urinary tract, they 
induce severe and, in some cases, fatal consequences. In the 
intestines the result is often that of severe dysentery. 

The most serious results of the ravages of this parasite are 
met with in the urinary passages, The lesions produeoil here, 
according to (Jriesinger, consist of raised patches of injected 
and eccliymosed tissue, which often pass into ulcerations, giving 
rise to severe hicmorrhages. These patches are covered with 
mucus and brownish exudations of bloody matters containing 
massee of ova. If no lesions of the mucous membrane occur 
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over theee patohcB, they mny remain as nodules of morn 
firm and indurated tissue. 

When these parasites invade the ureters and renal pelvis, the 
results ftre apt to be still more serious, as they threaten the in- 
tegrity or the kidney from two sources. First, by consequent 
thickening they may cause occlusion of the ureters and resulting 
hydronephrosis or pyonephrosis, as in a case observed hy One- 
singer. Second, severe pyelitis is often setup by invasion of the 
renal pelvis, which may result in ascending pyelonephritis. 

In addition to these consequences the masses of ova extruded 
into the urinary passages are exceedingly liable to become the 
nuclei for urinary calculous formation ; and, indeed, this is claimed 
to constitTilc the cause of the great frequency of calculous dis- 
ease iu Egypt, 

From the variety of lesions caused by inrasion of the Diatoma 
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hmmatobium, as might be expected, a corresponding varietv of 
clinical ajTnptoms result, In the milder cases but little dis- 
turlmnce of the urinary ninction is to be observed Some pain, 
described as of a burning character, is notable on micturition. 
This, however, is but momentary, and is chiefly due to the pass- 
age of the ova along the urethra which tliey irritate by means 
of their sharp projection!). At tbe termination of micturition a 
few drops of blood, or a blood-clot, are sometimes noted. The 
urine contains pus and blood-cells, with the eggs of the parasite 
as represented in Fig. 32, The symjrtoms become more dis- 
tressing with the involvement of the bladder, entailing various 
grades of cystitis, alwuys accompanied by more or less haema- 
turia. To these may be added the discomforts and deterioration 
of the general health entailed by pyelitis when the jiarasite in- 
vades the renal peh-is. Septic infection, nephritis, and unemia 
are among the most serious consequences entailed by extension 
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of the morbid clinnges set up by the parasite in the upper i 
tract. Finally, it may be noted that Bilharz and GriesingOl 
during the course of their investigBlions in Egypt, found atroi^ 
evidence that the distoma disease sometimes takes the course o' 
an RCHte and rapidly fatal disorder. Griesenger observes : " 
found on two occasions, in the bodies of persona who had rapidly 
died from an unknown acute disease, abundant recent distoma 
changes in the bladder, recent pyelitis, and a uniform dark-red 
bypera^mia of the kidneys. In other t-ases of suptKised rapid 
typhus the same changes were found in the bladder and itreters." 
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Filaria Sanguinis Hominis. — Dr. Lewis, of Calcutta, was the 
first to descriiie this pamsite as occurring in the human organism. 
In 1872 Lewis made the interesting announcement that, as ob- 
served in India, chylous urine always contained large numbers 
of these parasites. He later on discovered that these worms 
were present in great numbers in the blood of patients sulferiug 
from chyhiria. This hsmatozoon is about the width of a red 
blood-corpuscle and alraut fifty times longer than its width. It 
possesses a short, rounded head, with a tongue-like protuberance, 
and a rather long and pointed tail. The parasite is inclosed in 
ft loose sac, in which it moves with freedom. This covering 
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appears structureless, but the parasite itself, as viewed under 
tLe microscope, is seen to be very granular, with traosverse 
stria tions. 

It was early supposed that the minute hieniatozooii described 
and figured (Fig. 34) was but the young of a larger, parent worm, 
and in 1S76 Bancroft, of Brisbane, succeeded in demonstrating 
the mature worm in a lymphatic abscess of the arm. The 
mature form is a nemotode woi-m, about the tbicknees of a hair 
and three or four inches in length. Dr. Mason baa established 
the origin of this parasite in tbe mosquito, which deposits the 
larva in ponds, the water of which being swallowed, the subject 
becomes the seat of its further development. The most curious 
and inleresling circumstance in reference to the habits of this 
parasite is the fact, pointed out by Mason, that tbe embryo 
fliaria is very active at night, but quiescent during tbe day ; it 
is therefore to be found abundantly in the blood of subjects of 
this disease during the night, but not to be found during the 
day. Dr. Mackenzie observed, however, that upon reversing the 
order of sleeping and waking, the fllariie changed their nocturnal 
habits,— coming out when the subject slept and remaining hidden 
during tbe waking hours. It would, therefore, seero that the 
activity of fliarife in the blood depends upon quiescence of the 
subject. Wliat becomes of the filarite, or where they conceal 
themselves temporarily during their disappearance, as yet remains 
a mystery. 

The filarite, though greatly obstructing the lymph-channels 
and literally swarming in the blood, of themselves do but com- 
paratively little mischief. The embryos appear to pass readily 
through the capillary vessels without causing obstruction, irrita- 
tion, or emboli. It is, however, altogether different with the ova 
if they remain unhatched in the blood, lymphatics, and the 
urine. Owing to their greater diameters, they liecome arrested in 
the smaller lymphatic vessels and, becoming impacted, accumu- 
late until the gland becomes impervious, resulting in lymphatic 
congestion and even necrotic changes; elephanttaeis, or lymph- 
icrotum, is one of the results of this condition. Chylnria is 
one of the most frequent consequences, also, of this condition. 
This is brought about through tbe obstruction of the larger 
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iy m putties, til e thoracic duct, or large channels between it s 
the urinary organs, 

Eohinococci. — The hooklete and scoUcbb of the cchino* 
cyst are among the rarer forms of sediments met with i 
urine (Fig. 35). It is exceptional for echinococci cysts to de 
in the urinary passages ; more often the products of these cyi 




make tlieir way into the urinary passages from the kidney C 
some neighboring organ by means of rupture. If the char 
teristic booklets appear in the urine, they arc usually t 
panied by blood, pus, and more or less cellular debris, as i 
as shreds of the membrane forming the cystic envelope. 

Efhinococci are minute ovoid parasites barely visible to t 
naked eye. They consist of a head not unlike that of the tapl 
worm, provided with four mouths or suckers and a di 
of hooks. The echinococci are developed within a 
membrane, and exist in groups of from six to ten. The hydi 
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growth consists of an outer, fibrous capsote by irhicb it is 
attached to the organ in which it is developed. Within the 
capsule is the hvdated cyst, whit-h varies in stjie Trom that of 
a marble to that of a diKtended urinarj- bladder, or even larger. 
Within the large cyst a great number of secondary or so-called 
daughlnr-ci/sls develop and lloat freely in a serous or rather 
enline, aqueous fluid. These daughlej--cyiits also vary in size 
tVom that of an apple to minute (mints requiring the microscope 
for their recognition. The mother-fyat may, in rare cases, be 
entirely barren, — i.e., contain nothing but fluid, — or it may con- 
tain thousands of secondary or daughter-vysta. 

Sicbold pointed out the interesting fact that the hydatid 
worm in man is the encysted form of development of a very 
minute tape-worm which infests several animals, notably the 
dog, pig, monkey, sheep, etc. This ta|)e-worm is the TeEnia 
echinococcuK, and is very minute — about the size of a millet-seed. 
The intestines of the dog are usually infested with great num- 
bers of these worms. The eggs are discharged with the stools, 
and, finding their way into food, reach the stomach in man, 
where they find suitable conditions for their development. The 
embryo, upon hatching in the stomach, bnrrows its way or is 
carried by the blood to some organ, — most often the liver or 
kidneys, — where it develops as the hydatid vesicle, in which 
are contained the echinococci described. In Iceland, where the 
natives live with their dc^s in hats, it is said that one-seventh 
of the deaths are due to the ravages of these parasites. 

Strongylui Gigas. — This nematode worm has been found in 
the renal pelvis of dogs, wolves, horaes, oxen, and other animals, 
and less frequently in the human kidney. It somewhat resembles 
the Jncaria lumbricoidea, hut it has six papillie about the month 
instead of three, and it attains a much greater length, — one to 
three feet. — and it is nearly a quarter of an inch in thickness. It 
may further be distinguished from the common round intestinal 
worm by its reddish color. This parasite may be said to be 
peculiar to the kidney, being very rarely mot with elsewhere. 
Leuckart has, after some research, questioned the apjieamnce of 
this parasite in the human organism, but there is, lieyond doubt, 
ftt least half a dozen well-authenticated cases on record, in 
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addition to a specimen in the Hunterian Museum, taken from 
the kidney of a patient of Sheldon's (Dickinson). 

In addition to the parasites described, ascarides have been 
found in the urine in exceptional cases. In such cases the worms 
have usually made their way from the lower intestines into the 
urinary tract, usually by way of abnormal openings. In cases 
of women, these thread-worms have made their way into the 
bladder tli rough the urethra. 



SECTION VIII. 

GRAVEL AND CALCULUS. 

CONCBETIONS of a more or less Imid and dense character are 
liable to form in the urinary passagea. These bodies are va- 
riously termed, according to their size, location, etc., 8a7i£/,£;rawi, 
alone, and calculi. These formations are called pri-mary when 
they are deposited Trom urine which has undergone no decom- 
positional changes, and are the result of aome original defect of, 
or foreign addition to, the composition of the urine. The sec- 
ondary foriuatioiis, on the other hand, are due to decomposition 
of the nrine with resulting precipitation of its elements, and, for 
the most part, comprises those ammoniacal changes of the urine 
residting from inflammatory disonlers of the lower urinary 
passages. Concretions of small size — not too large to make 
their way spontaneously through the urelhra — have been some- 
what arbitrarily termed gravel ; while, on the other hand, the 
larger concretions have received the name of stones or calculi. 
Concretions vary greatly in size ; some of them being so minute 
as to require the microscope for their recognition, while others 
attain the enormous size of an orange or even larger. The 
smaller concretions mostly emanate from the kidneys or renal 
pelvis, while those of large size come from the bladder. 

The most practical classification of urinary concretions is 
that which corresponds to the chief constitnents of which they 
are composed. This comprises the following divisions : (1) uric 
acid; (2) urates; (3) oxalate of lime ; (4) cyslin ; (6) xanlhin; 
(6) uronlealilk; (7) basic calcium phosphate; (8) calcium car- 
bonate; ffl) calcium phosphate with ammonio-magnesium phos- 
phnte. These are all strictly of urinary origin, and composed 
of Hrii)ary ingredients. In addition to these, at least two other 
classes of concretions are met with, whose origin are extra- 
nrinary, viz., prostatic calculi and fibrin or blood concretions. 

Concretions may consist exclusively of one ingredient, uric 
acid and calcium oxalate being the most frequent examples. 

(818) 
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Fiir inure frequentlj', bowever, two or more primary deposiH 
occur in separatu aud alternate layers, constituting tlie ao-caLla 
" alternating " calcnius, the moBt common of nliicli are Ibose coi 
posed of uric acid aud calcium oxalate. The number aud iliid 
nesB of tlicse layers in alternating calculi vary very greatly a 
cording to the age of the calculi aud the frequency of the chat 
giving rise to the alternating deposits. The thickness of t 
layers also varies to some extent inversely nitli their number. 

If a calculus consist of but one primary substance, its arrangt 
ment is usually stratilied, exhibiting a larger or emaller n 
of concentric layers. Such are usually uric-acid, calcium-oxalal 
and pliosphatic formations. The great majority of conerettonn 
consist of a central division or nucleus, Awi an escentric diviBiot 
or bodi/. There may be in addition, especially in old or loi 
calculi, nn external envelope or cruet, which is nearly alwaj 
phosphatic. The nucleus varies much in size and compositioi 
It may consist of the same material as the body of the calculm 
especially when the latter is made np of such primary depoiiltj 
as uric acid, calcium oxalate, etc. Frequently, however, the nifl 
cleus consists of ^ome organic (iroduct, as blood-clots, coagulate 
mucus, or epithelium. Exceptionally foreign bodies introduce 
from without into the bladder become the nuclei for subseqo^ 
calculous formations. 

Tlie causes of urinary concretions comprise (a) the c 
ditions favoi*ahle for their origination ; (6) the conditions favorii^ 
their formation and growth. Tlie conditions favoring the origl 
of calculi have received some light through the researches o^ 
Carter, who found that the actual nucleus nearly always consiff 
of globular forms of urates and calcium oxalate, rather tbl 
crystals of these substances; and, furthermore, that a oolloi^ 
matrix was always an essential element of the nuclear formatiOB^ 
Rainey and Ord have furttiermoi'e shown that the globular forni 
of urates and oxalates referred to are only produced when pN 
cipitation occurs slowly in the presence of a colloid mediunt 
From this it would appear that morbid conditions of the urinai] 
passages accompanied by exiidntions of colloid matter, snch i 
mucus or albuminoids, constitute the initial filep in tlie fon 
tion of calculi. In the preBence of such colloids precipitaUtf 
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of urates, oxalates, etc., occurs, nliicli, combining with the col- 
loids, forni glubiilur aggregntions tliut couetilute tUe basis for 
subsequent develo))ment of stoDc. Tlie conditions Invoring tlie 
growth and development of concretions embrace chiefly the 
states of the system or of the urine itself which favor precipitn- 
tiou of the urinary solids. Under the first set of causes may be 
mentioned digestive disorders, organic diseases of the kidneys, 
and diseases of the urinary passages, most notably cystitis. 
The conditions of the urine favoring the growth of calculi are 
variable, and in some cases directly opposite. Among these 
causes may be mentioned (a) excess in the urine of the precipi- 
tated substance; (6) overacidity of the urine. This disposes 
more especially to the growth of urntic concretions, as it dimin- 
ishes the solvent iK>wers of the urine over uric acid and the 
urates, thus leading to their precipitatiou. (c) An alkaline cou- 
(lition of the urine. Tliis may lead to precipitation of the phos- 
l}|iates or carbonates of calcium and magnesium. If the urine 
be alkaline from fixed alkali, tlie earthy phosphates or carbonates 
of calcium may be precipitated and fuvor calculous growth of 
that order, — a rare condition, however. If the urine be alkaline 
from volatile alkali — ammonium — the result is precipitation of 
triple-phosphate of ammonium and magnesium, — an exceedingly 
common occurrence, (rf) Deficiency of urinary salines and of 
sodium and alkaline phosphates in the urine weaken its solvent 
powers over the urotea and cause precipitation, (e) Lastly, 
deficiency of the normal urinary coloring matters greatly weakens 
its solvent powera and favors precipitation of various constitu- 
ents, eapecially uric acid and the urates. 

Uric-Acid Concretions. 
Calculi composed entirely or chiefly of uric acid comprise 
the great majority of stones met with in human urine. Sta- 
tistics give the proportion to all other forma at from "15 to 90 
per cent. Indeed, the great frequency of this form of gravel 
led early observers to the conclusion thnt all stones were com- 
posed of uric ncid in wliole or in part; hence the name litburia, 
for a long time, was applied to gravel in general, and even at 
the present time is sometimes erroneously applied. 
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Uric nuiil uiny be passed iu Ibe form of crystalline clusters, 
or as Hiuooth, apherical bodies, rangiug in size from a pin-point I 
to that of a griiin of wheat, or, again, in roughened coticretions j 
as large as a [Tea. These arc derived from the kidney or renal . 
pelvis, and may be washed out with the urine singly c 
bera at different intervals. The passage of uric-acid gravel fronL j 
the kidneys is usually attended by more or less pain, sometimeB, 
indeed, so acute that it has received the name of " renal colic.'* 
All these uric-acid concretions present a ycIlowish-brown ot ] 
reddish appearance. If retained in the bladder, these small 
concretions grow, more or less rapidly, into round or oval or 
elongated and flattened stones. Their surfaces are tuberculated 
and irregular, and tliey vary in weight from a few grains to four 
or five ounces. They are hard and brittle, and, upon section, 
tliey may be seen to be marked with concentric laminte. 

Ui'ic acid uiny be recognized by the murexid test (see page 
S3}. It is soluble in solutions of litbiuui, potassium, and sodium, 
and also in piperiizin, while in solutions of audium and |>otaBsium 
bicarbonate it is insoluble, as well as tn water and dilute acids. 
Since the combination of uric acid and lithium is more soluble 
in water than its combination with sodium or potassium, it has 
Income popular to treat the so-called uric-acid diathesis witb 
mineral waters containing a few grains of lithium carbonate to 
the gallon. As Buuge has shown,' however, "this naive idea 
simply implies ignorance of BertLolett's law in reference to tUe 
diffusion of bases in the econom}', as no such solvent action of 
uric acid in the economy is obtained thereby." 

The formation of uric-acid calculi is most frequent in early 
and late life; that is to say, in children and old people. A 
highly-acid state of the urine is the most essential condition for 
deposition of this form of concretion. Uric acid frequently 
forms tlie basis of calculi which, subsequently, becomes tlie 
nuclei fur further formation witb other urinary constituents, 
constituting mixed calculi. The most frequent of these second- 
ary formations is calcium pbospliatei less IVequently, calcium 
oxalate. Should the urine become alkaline at any time from 
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volatile atknli, triple pLoaphates will be [lepoeited atxl add to 
tlie growth of Ibe chIl-uIus. TLis, indeed, is uliuost an essen- 
tial in the late stugea of calculous life in tUe bladder, since alka- 
line urine is one of tlie features of vesical inflnuiniation wliich 
attends nearly all calculi of any size, es[)ucially during their late 
Bujouni ill the bladder. Tlie conditions favoring the deposition 
of uric acid liave been more fully considered in another section 
of this volume (page 32). 

Urate Concbetions. 

Uratea rarely constitute the sole constituent of stone in 
adults, but with uric acid tbey are frequently met with in the 
calculi occurring in children. On the other hand, in connection 
with calcium oxalate, urates form a large percentage of calculi 
found. Urate concretions have been reganled as consisting of 
ammonium urate, but calcium and sodium are to be found in 
them quite generally upon analysis. Tliey do not attain a large 
size, Hs in the case of uric-acid stones, rarely being found larger 
than a small marble. Tbey arc usually of a light-grayish color 
and multiple in number, two or more lieing found together. 
They are not so hard and dense as the uric-acid calculi. Like 
nric acid, mate stones are nearly always deposited from acid 
urines ; the exceptions to this rule consist chiefly of the mixed 
stones of triple phosphate and ammonium urate, which are the 
outgrowths of ammoniacdl urine. 

The urate deposits possess a great tendency to form infarcta 
in the renal tubules during early infancy. These consist of 
ammonium and sodium urate, which form yellowish-brown lines, 
often reaching from the papillie to the bases of the pyramids, 
following the lines of and blocking the interiors of the large, 
straight, nriniferous tubes. They occur most frequently from 
the second to the tenth day after birth, although they may occur 
as late as ten or twelve weeks alter birth. It is significant that 
these infarcts are not found in the kidneys of stillborn children. 
The conditions leading to these deposits in infants is physio- 
logical rather than pathological, — due to the highly-concentrate<l 
state of the urine at liirth ; the deficiency of aqueous elements 
in the urine does not permit either of solution or washing out 
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or the umtic componeiitB of the urine, wliicli, upon tlie establiaEl* I 
merit of reapimtion, become greatly in excess. 

In febrile conditions in children deposits of sodium untto I 
are common, and no doubt frequently form the nuclei and pri- I 
ranry deposit for the subsequent development of gravel. Tlitti 
frequent occurrence of calculi in cliildreu may be largely Attrilv I 
ntcd to t Lis source. 

Cai-CIUM-OxAXATB CONCttBTIONB. 

Oxalate of-lime concretions are met with most often as large, I 
rough, dark, tuberculated masses commonly called "mulberrjfl 
calcvliiB." Less often they occur as small, rounded, smooth, J 
dark-gray Lsli bodies, called " hemp-seed" ceXculi. Calcium-oxa- I 
late concretions are extremely bard and brittle, and when crualied I 
present sharp, angular linef) of fracture. The nucleus often c 
sists of uric acid or urates, or it may be colloid. Pure caloium-J 
oxalate calculi are often met with, but inucli more frequently 1 
mixed calculi of calcium oxalate and uric acid occur in alternating I 
strata around a mixed nucleus. Less often calculi are met with 1 
consisting of oxalate of lime as the basis, surrounded by a mora'^ 
or less deep incrustation of triple phosphate. 

The urine associated with calcium -oxalate calculi is alVKysl 
acid, unless iu cases of long standing, in which the stone has aetm 
up cjBtitis, when it may be found ammoniacal. In short, the J 
condition of the urine in these cases is very aimilar to that witb] 
uric acid, as might be expected from the fact that calculi are b 
often encountered composed of alternating layers of these twoJ 
substances. 

Ctstin Calodlus. 

This form of concretion is comparatively rarely met with in J 
practice. Although not usually attaining the large size of uric- J 
acid calculi, they may be found in the bladder exceptionally of I 
considerable dimensions. As a rule they are of medium siKe^-l 
oval or cylindrical in furra, with flnely-granular surfaces, ov«r I 
which may be seen small crystals of a decidedly yellow color. \ 
Although these concretions are rather soft and compressible, I 
they break with a crystalline fracture. Upon section they pr»- 1 
Bent a radiated appearance of yellow color not unlike bees-wax, ' 
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but tliey turn gray upon exposure to liglit. The causes of cystiu 
deposits in the urine li»ve already been disoussed in the pre- 
ceding section. The most notable fentnre in tbis connection ia 
its tendency to occur repeuteilly in members of the same family. 
Cystin ia readily recognized by its ready solubility iu ammo- 
nium, depositing, upon evapomtion, its beautiful and character- 
istic six-sided crystals. It is also soluble in mineral acids an 
well as in the fixed alkalies and their carbonates; vrliile it ia 
precipitated by vegetable acids and ammonium carbonate. 

XaNTHIN CONCKETIONa 

Xanthin calculi are exceedingly infrequent; in fact, they are 
perhaps the rarest of all concretions met with in the urine.' 
They seem to be entirely confined to young subjects, none as yet 
having been met with either in adult or in advanced life. 

Xauthin concretions are of a whitish, yellowiah-brown, or 
cinnamon -brown color, of medium hardness, with amorphoni 
fracture, and on rubbing appear like wax. They vary in size 
fi'om a peji to that of a hen's egg. They burn completely when 
heated on platinum- foil. They give the xanthin reaction with 
nitric acid and alkali, which should not be mistaken, however, 
for the murexid reaction. 

CaLOIDM-PhOSPHATB CONCBinONS. 

Phosphate-of-lime calculi are among the rarer forms of un- 
mixed concretions. They possess a chalk-like appearance and 
break with an amorphous fracture. They may be dense in 
structure or loose and spongy. Two forms of calcium-phospbate 
calculi occur: (a) Round or oval-form, varying in size from a 
small bean to a hen's egg. These are of a while, chalky appear- 
ance, of friable surface, and break with an amoiphoua fracture. 
These are usually vesical calculi of elderly people, especially 
dyspeptic people with alkaline urine. (6) The second form are 
irregular, sometimes branched ia shape, of a grayish-white color, 
compact in texture, brittle, and of porcelain-like fracture, These 
are usually found in cj'sts and pockets of the urinary channels, 
and appear to be of local origin. 

* Leu IhtD ■ dozen ewes ar« M pruKot on record. 



Tbe cftithjr pbospbatos kre ort«D abntKluit]; deposited Ui th* 
urine, bat, owing to llieir unorjiboDs fonn, ibey pOAsess little 
t«Dde»c)' to cooerete; otbenti&e this form of olIcuIu* would 
doabtleM nok among ttie most freqaeot of ariaary eoncr^ . 
tioAB. U U well known Uut patients ma; Toid alkaline uiae, j 
tarUd from nodiaaolred earthy pbospbates, for montha witiMWt I 
•toue fomation. 

AMMOIfIO-MAOKCS[r)l-I'0O9HATK CuKCRETIO.Va. 

Calculi composed exclusively of this salt are nncoininoa ; | 

bnt, on the other band, it very frequently forms the exterior of , 

other forms of calculi, sncb as nric acid or calcium oxalatci. I 

A m moil io-magnesium- phosphate concretions are always aigniS- | 

eant of amroorilacal urine, and berein lies the esplauation of its I 

frequency as a secondary deposit ii^Kin otber primary roucr^ ' 

tions. Tlie mechanical irriLation set up by any primary calculus • 

of intich size invariably lends to ammoniacal decomposition of ' 

the urine, usually in the bladder. The result of these changes { 
ia prompt precipitation of tri|ile phosphates of highly-crystalliue 
nature, and therefore readily tending to concrete upon any 
nucleus in the bhulder. It Las been stated that trijile pliosphate 
calculi are rare ; this applies to concretions of nmrked size. 

MiXKP PlIOBFHATE CONCHKTIOSa 

The most common variety of mixed pbosphatic calcub are 
those composed of calcium phnsphnte with triple phosphate of 
ammonium and magncHiuni. This has lieen temie<l the '' fusible 
calculus," Iwcanso under the blow-pipe it fuses into a black, 
enamel-like mnss. These calculi often attain a Urge size. Tbey 
are of grayish-wlilte color, often covered on the surface with 
briKht, glistening points, — triple ))boF>plialic crystals. In text- 
ure they are friable and somewhat spongy, often composetl of 
concentric strata, ensily frncturetl into thin Inminie, the frac^ 
ure<l surfaces often presenting bright deposits of crystalline 
triple phosphates. This calculus ia very soluble in mineral 
acids, but is insoluble in water and alkalies ; its cliief chnrActer- , 
latlc is its fusible property under the blow-pipe. 

Theae calculi nearly always form upon some other primary 
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Duoleua, such aa uric acid or calcium oxalate, and they ollen 
iucruat fungous or other growths of the bladder. They are 
always the result of ammotiiacal urioe. and originate chiefly 
wit bin the bladder. 

Calciu.vCakbonate CONCRETIOSa 
Concretions of carbonate of lime belong to the rarer forms 
of calculi met with in human urine, very few authenticated cases 
being on record. They are small in size, of smooth surface, 
gray or bronze-like iu color, and often very bard in texture. 
They are mostly spherical in shape, often translucent, and on 
section present numerous concentric lines. The nucleus is 
usually multiple, and upon crushing these calculi they break 
into sharp fragments. 

OlBEa POKHS OF CONOBETIONS. 

A few additional varieties of concretions are occasionally 
met with in the urine. 

Fatty Concretions. — These consist of fatty matters saponified 
by the iilkalieB of the urine. This substance has received the 
name of tirostealith. These concretions are soft and friable, 
usually of brownish or yellowish color, and often incrusted with 
phosphates. They burn with a Dame when heated on platinum- 
foil, and give olf an odor similar to resin or shellac. These 
calculi have only been met with a few times. 

Indigo Concretions. — Indigo has been met with in the urine 
in the form of calculus. It is doubtless derived from the in- 
doxyl-potassium sulphate of the urine, which may be changed 
by highly-acid urine into indigo. Such cases are exceedingly 
rare, however, but one or two having been recorded. 

I'ibrin and blood concretions are mentioned as having Ijeen 
met with in the urine, but these must be looked uj>on as anoma- 
lous occurrences, except as forming the nucleus of other calcu- 
lous growths. 

Prostatic Concretions. — Prostatic calculi may be mentioned 
as sometimes encountered in the urine, although not strictly 
speaking urinary products. Sir Henry Thompson found these 
calculi invariably in the adult prostate at the autopsy. They 
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are found in the rolUclea of the prostate; at first consisting 
entirely of albuminoid matter, tliey later Ijecuine impregnated 
vitb eartliy matter, and ultimately become as bard as other 
forms of calculi. It is exceptional that tbey give rise to special 
symptoms ; only so wlieii ibey attain an uniisiiul size and en- 
croach on the gland-tissue or project into the urethra. It is 
only excepttuniLlly tbat these concretions are spontaneously dis- 
charged with the urine. 

Clinical Differentiation. ~~-It would add greater precision to 
tliu Ireatmt'ut of calculus if the nature of the stone could be 
made out. The accuracy witb which this can be cuuipassed will 
vary considerably in different cases. The most trustworthy in- 
formation is obtninrible from examination of calculi already 
voided with the urine. In a very considerable ijercentage of 
cases the habit of spontaneous expulsion of small concretions 
has been established. If the discovery of a retained calculus be 
not too remote from the spontaneous passage of a concretion 
which has l)een secured and examined, and, furthermore, if the 
characters of the urine correspond, it furnishes the most certain 
evidence of the nature of the retained calculus. It is of the 
utmost imiwrtance, therefore, to preserve all concretions that 
may be spontaneously voided with the urine, however minute 
they may be, and to make an accurate note of their composition, 
as well as of the characters of the urine at the time they were 
voided. 

In the absence of the above information it is still possible, 
in a large majority of cases, to make out with very great proba- 
bility the composition of the retained concretion. The evidences 
here are to be drawn from the characters of the urine — notably 
its chemical reaction and the character of the deposits. In 
addition to these, certain inferences are to be drawn from the 
constitutional peculiarities of the patient, aa well as the age, 
together with the known frequency of the dill'erent forms of 
concretions considered with regard to their location. 

If the urine be frankly acid at the time voided, the calculus is 
nearly certain to be either uric acid or calcium oxalate. Uric- 
acid calculi being by far the more frequent, the chances are in 
(Rvor of the presence of that form of concretion. If, in addition 
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to the skarplyacitl renction of the urine, directly upon cooling 
it iireci pitates crystals of uric acid, and tlie symptoiua appear in 
vigorous subjects ailiticted to tlie liberal uae of meat diet, it 
becomes reasonably certain tbat ttie calculus is of lUe uric-aci<t 
form. 

If, ou the other hand, the freshly-voided acitl urine precipi- 
tate habituiilly the oalciiim-osaUte crystal^;, the patient being of 
sedentary liuliits and prone to indulgence iu the use of tioth 
BacL'liariue aud proteid foods, it may be pretty confidently cou- 
cluded that a calcium-osalate calculus is retained. As already 
observed, calculi are very frequently met with coinpused of 
alternating layers of uric acid aud calcium oxalate, because they 
are Itoth the outgrowth of acid urine, as well as largely of simi- 
lar habits of living. But the predominance of either variety 
may usually be made out by repeated observation of the features 
just considered. Cystin and xanthin concretions are also met 
with in acid urine, but these formations are so rare that they 
may, for practical purposes, be ignored, unless the presence of 
these substances be discovered in the nrinnrj- sediment, in whicli 
cases the probability of the presence of these rarer forms of 
calculi may become a proper subject for cousiderntion. 

The forms of calculi met with in alkaline vrine next demand 
attention. For the most part these are vesical calculi. As a 
rule, they are more complex in composition, because the con- 
ditions of the urine during the fonnation and growth of these 
concretions are subject to greater change. Renal calculus is 
frequently composed of a single constituent, because its origin 
and growth is practically in the same location and subject to the 
same conditions of the urine throughout. With vesical calcu- 
lus, on the other band, the unclens may originate in the kidney 
when the urine is acid, or even alkaline from fixed alkali, white 
its subsequent development occurs in the bladder, where the 
nrine may be ammouiacal,as a consequence of its residence there 
nr otherwise, and its growth will be iuRncnced by the elements 
consequent to ammoniacal mine. 

The most frequent calculus met with in alkaline urine is that 
composed of mixed phosphates, or the calculus with uric-acid 
or urate nucleus covered with mixed phosphates. If the urine 
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be alkuliue from flxcd alkali, the cilIciiIus is pretty sure to con- 
siEt uf cnlciiim cnrboimte or phospliate. lu such oases the urine 
lias iisuiiUy long b«;en alkiiline, and the calculus is likely, accord- 
ingly, to consist uiiirormly of the same substance throughout. 

If the urine be ammoniacal the nucleus nnd body of the 
calculus is very likely to be composed of different substances, 
The nucleus may be uric acid, urates, or oxalate of lime, but 
the crust is pretty sure to consist of mixed phosphates, Re- 
membering the rapidity with which urine undergoes ammoniacal 
changes in vesical disturbances, special care should be ob- 
served to see if tiie urine bo ammoniacal in these cases at the 
lime it vias voided, otherwise the observer may be greatly misled 
in bis conclusions. The intensity of ammoniacal reaction of 
the urine, the deposit of phosphatic fragments, and the amount 
of deposit of triple-phosphate crystals, together with the grade 
of tbe accompanying cystitis, will furnish some idea of the age 
and magnitude of the phosphatic calculus. 

ANALTStS OF CaLCOLI. 

In conducting the analysis of urinary calculi tliC size, color, 
form, and density of the concretion should first bo noted, as 
these often indicate, with considerable proliabitity, their compo- 
sition, or at least the direction in which the cliemicat examination 
should be pursued. Since many calculi are comjiosed of more 
than one deposit, in order to ascertain with greater precision tbe 
several components, section should first be made of the calonbis 
by means of a fine saw. If the calculus be brittle it will often 
answer the purpose to break it into as large pieces as possible. 
Upon section or fracture, portions should l»e scraped from the 
different-appeariug strata for separate examination. A portion 
of the calculus should first be subjected for some time to a red 
heat upon platinum-foil, either over a spirit>Ianip or by means of 
a blow-pipe. In tlie latter case the best method is to lay the 
platinum-foil on a plaster-of-Paria cast, wiien tlie powdered cal- 
culus and foil may be raised to any desired degree of heat with- 
out danger of burning the fingers. If upon ignition little or 
no fixed residue be left, tbe calculus is composed of some of 4 
the organic deposits — as uric acid, ammonium urate, xanlhinfl 
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cystin, proteid aubetniices, or mosteftlith. If, on the other hand, 
the fueed cnlculua leHve a uotisidurable reeidue, it cousiBts of 
some of the inorganic buses, either alone or in combiDation, such 
as urates of sodium, jxitaBaiiini, oi' jiuiuionium, calcium oxalate, 
calcium carbonate, calcium phosphate, or ammonio-nrngnesium 
phosphate. 

If the concretion burn up and leave little or no residue, it 
is necesaary next to proceed by chemical methods' to determine 
which of the organic deposits it be composed ; — 

Uric Acid. — A portion of the powdered concretion is sub- 
mitted to tiie iniirexid test (see page 33), and if tlie character- 
istic color-reaction be obtained with nitric acid and ammoniiitn, 
the calculus consists of uric acid or ammonium urate. A por- 
tion of the finely-powdered calculus is subjected to Irailing 
water, when, if complete solution be effected, the calculus is am- 
monium urate; but if slightly or not at all solvent, it may be 
concluded that it is a uric-acid calculus. If further conlirmation 
be necessary, let tlie solution stand until cool : ammonium will be 
evolved when treated with potassium hydroxid, if ammonium 
urate be present; and red litmus will be turned blue ifsuspended 
over the solution. If the result be negative — no ammonium 
present — the calculus is uric acid. 

Xanthin does not give murexid reaction, but its solution in 
nitric acid upon evaporation leaves a bright citron-yellow 
residue, insoluble in potassium carbonate, but soluble in potM- 
sinm hydroxid, with resulting deep red dish -yellow color. 

Cy«/i'( does not give muresid re.iction. Owing to its con- 
taineil sulphur, if dissolved in pntassinni h3'droxid and a little 
lead acetate be added, upon boiling a black precipitate of lead 
sulphide forms and imparts to the solution an inky appearance. 
Cystin also dissolves in ammonium, and upon evaporation crj-ft- 
tallizes in regular hexagonal plates. If dissolved in hydro- 
chloric acid and slowly evaporated, it forms diverging crystals 
arranged in elieaf-like form. 

ProtHn concretionn do not give murexid reaction ; apon heat- 
ing they evolve the odor of burnt horn or feathers. They are 
insoluble in water, alcohol, and ether, but are soluble in potaa- 
eium hydroxid. 
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UrOBlealilh gives no inuiexu] reaction, liiit dissolvea in ether, 
and yields fiilty acida upon Ijoiling witb bjiry la- water. It dis- 
solvea in potassium Lydruxid when lieated and becomes sapo- 

ir the concretion be inconibusltifje and leave, arter ignition, 
a relatively large residue, it is necessary next to prooeed to 
determine its composition, aa follows: — 

Urates of Ihe Fixed Alkalies (Sodium and f^aggium. Uralea). 
— In order to isolate tbese Gxed buses tlie eoncietion is Snely 
powdered, and nfter boiling in distilled wiiter is filtered. The 
urates pass tbroiigb tbe filter in solution, wliile tlie less soluble 
uric acid remains on the filter. The solution is nest evaporated 
and then ignited, and the residue consists oT the fixed bases. If 
the residue turn moistened turmuric paper bruwii, it is either 
potassium or sodium ; if it be the Utter, it imparts to the flame 
of the blow-pipe a yellow color. 

Magueaiuiu and calciitui, if present in the residue, may be 
dissolved in dilute acids, and, upon addition of sodium phos- 
phate and ammonium, the calcium and magnesium are precipi- 
tated as ammonio-magnesium and lime phosphates. 

Catcium Oxalate. — These concretions first blacken upon 
heating, hut upon fiii'ther ignition they finally leave considerable 
white ash, which dissolves in hydrochloric acid with eflervescence. 
If this solution be nentrnlized witb ammonium, and oxalic acid 
be added, chiirHcteristic envelope-shaped crystals of catcium 
oxalate are precipitated, and may be recognized readily by the 
microscope. 

Calcium carbonate, like calcium oxalate, at first blackens 
upon ignition, but ultimately burns white, leaving considerable 
infusible ash. Calcium carbonate, however, is distinguished 
from calcic oxalate by its highty-chnracteristic property of dis- 
solving in hydrochloric acid with effervescence. It will be 
remembered tlint the fused ash of calcium oxalate — not the cal- 
culus — dissolves in hydrochloric acid with effervescence. 

Ammomo-magneeium phosphate with moie or less culeiitm 
phosphaie usually occur together, ami as such constitute the 
mixed phospliatio or fusible calculus. Upon ignition this cal- 
culus melts into an enamel-like mass. Upon prolonged ignition 
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they do not show an alkaline reaction like calcium oxalate and 
carbonate. The fused ash of this calculus dissolves in hydro- 
chloric acid without effervescence. 

The excellent table on preceding page, from Heller, shows at 
a glance the chief features of the analysis of the various calculi, 
and will be found to greatly facilitate the analysis of calculus by 
the student. 



Part II. 



Urinary Diagnosis. 



DISEABE8 OF THE URINARY ORGANS AND URINABT 

DISORDERS. 

THE URINE IN OTHER DISEASES. 



(229) 



SECTION EX. 

DISEASES OF THE UKINAKV OHGAN8. AND URINARY 

DI90HDEKS, 

Uhinart diagnosis, as coiisulered in llie subsequent pages or 
tliis woi'k, nill iucliide: /Vrs(, dingnoBtic iluta derivable from tlie 
urine wliith relate diiectly to |>ut ho logical conditions of tbe 
urinary organs Ihemselvea. Second, ttingnoslic data derivable 
from the urlue ivbich relate to pathologieal coiiditiona, either 
local or general, but the prominent feature of whidi ia some 
marked and ohameterintic departure from the normal condition 
of the urine itself. Third, diagnostic data derivable from tbe 
nrine which relate to pathological conditions primarily inde- 
pendent of the urinary organs, in which tbe latter may or may 
not become involved. 

In order to bring the range of urinary diagnosis more fully 
within tbe field of practical clinical work, the plan will be fol- 
lowed of first describing tbe changes effected in the urine by the 
various forms of disease, followed by a brief epitome of the 
leading clinical symptoms, and, where necessary, also the differ- 
ential features in each case. 

A perusal of the eight preceding sections will familiarize tUe 
student with tbe process of secretion and excretion of the urine ; 
tbe chemical and microscopical characters of the latter, both 
normal and abnormal ; and tbe clinical signiflcance of tbe various 
morbid products met with in the nrine in the course of disease. 
In order now to compass tbe entire groundwork of knowledge 
essential for practical nrinary diagnosis, it only remains to con- 
sider the most approved methods of physical rsaraination of the 
nrinary organs themselves. This requires a pmctical knowl- 
edge of tbe regional anatomy of the urinary organs, and, while 
doubtless moat readers of this volume are already fntniliar with 
the subject through the numerous and excellent text-books on 
anatomy now in general use, it ia yet believed that a brief and 
practical sur^-ey of the subject here will facilitate the study of 
the subjects shortly to be considered. 

(Ml) 
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AnATOUICAL CONSIDEEATIONS. 

The Kidneys, — Tbese are two liiigc, gUudular orgnos situsted 
ill tUe upper lujil [losterior piirt of tlie abdominal cavity, on 
either side of tlie spinal column. Kacli kiduey is about four 
iiicbes in lengtb, two iuclics in its transverse diuiueter, aud 
vatber more tban one inch in tliickuess. These dimensions vary ' 
somewhat in indiviiliiiil cases. The kit kiduej' is ordinarily 
slightly longer iinil narrower than the right kidney. Tbe weight 
of each kidney is from 4 to 5 ounces, the male kidney being 
ordinarily 2 or 3 drachms heavier tliun that of tbe female. The 
left kidney in both sexes weighs about 100 grains more than the 
right one. The combined weight of both organs, in proportion 
to the body-weight, is about 1 to 240. 

Ill form the kidney veaembles a " haricot" or " kidney-iean." 
It is compressed from either side, presenting an anterior and 
posterior surface, both of which are sliglitlj con vex, tlie anterior 
surface most so. The outer liorder presents an elongated con- 
vex line, while the inner boi-der is concave, with a deep notch in 
the centre, — "thekitum." The upper and lower extremities of 
the kidney are slightly wider than the middle of the organ, the 
upper being somewhat the wider of the two. The anterior snr- 
fneea of the kidneys look obliquely outward and forward from 
either side of the bodies of the vertebrm. The posterior surfacee 
of the kidneys— i-ather more flattened tlian the anterior — look 
obliquely backward and inward toward the spines of the verte- 
bras. The upper end of the kidney — somewhat knobbed and 
larger than the lower — is nearer the spinal column, and has a 
slightly more posterior position than the lower end. The inner 
Iwrder of the kidney, at its upper part, is about one inch from 
the middle line of the body; the outer border, at its lower part, 
is three and three-fourths inches from the middle line of the 
body. The outer or convex liorder of the kidney looks obliquely 
upward, while the concave or inner border looks obliquely 
downward and forward. 

The kidneys are situated deep in the loins, on either side of 
the vertebral column. The upper border of the kidney corre- 
sponds with the splice between the eleventh and twelfth ribs, 
while the lower bonier corresponds with the middle of the third 
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lumbar vertebnt. The pelvis of tlic kidnej is about on a level 
tvitli tlie spine of Lhe Grst liimbur vertebra^ During deep inspi- 
ration iKitli kidneys ai-e usually depressed by tbe diaphragm 
about hair an inch, though not always no. 

" An horizontal line pasHing thiough the niubilicus would lie 
just below the lower borders of both kidneys; while a vertical line 
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extending perpendicularly upward from the middle of Poupart's 
ligament to the costal areli would pass directly over the kidney, 
slightly external to its median line. Posteriorly, a line parallel 
with and one inch from the vertebrni column, extending from 
the lower edge of the tip of the spinous process of the eleventh 
dorsal vertebra to the lower edge of the spinous process of the 
third lumbar vertebra, would fall Just inside of the inner border 
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of the kidney. Know two lines be drawn, from the ends ofth^ 
line jnst described, liorizonUlty outward for two and Lhree-fourt 
inches, and if the outer ends of these two lines be joined I 
perpendicular liue, the whole kidney would normally lie > 
the four lines described " (Morris). 

The kidneys rest on the crura of the diaphragm, o 
anterior lamella of the posterior aponeurosis of the transvers 



^^M rousele. To a slight extent tbey also rest n)>on the psoas muscle. 

^H The right kitlney is somewhat lower than the left, owing to the 

^H position of the liver, which it touches by its suprarenal capsule 

^H at its upper end ; then the peritoneum passes over its nnterior 

^H surface near the upper end, and the duodenum and commence- 

^H ment of the transverse colon are in contact with it where they 

^H are uncovered by peritoneum. The leji kidney, rather higher 





tliiin the riglit, ia covered in front by the great end of the 
stomach, the spleen, and the descending colon. The frontof the 
organ touches tUe fundus of the stomach, and then comes in 
contact with the pnncrcns and, lower down, with the commence- 
ment of the descending colon. The external border of the left 
kidney, in the npper two-tliiixisof its extent, is in contact with the 
spleen. {See Fig. 38.) 

The kidneys are siirronnded by a thick layer of fat contained 



^^M fn the meshes of n loose areolar tissne nnd constitute the " tunica 

^^P adiposa." It is thicker and more nbitndant posteriorly than 

^^1 anteriorly, but everywhere it completely invests the fibrous cap- 

^^M Bnle of the organs. The amonnt of fat contained in the tunica 

^^1 adiposa is subject to great variation in different subjects. This 
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fact Blionld not be forgotten, since in stout persons it may be • 
pronounced as to tnislead one ns to the size of tlie kidney its 
Oil the otliei' liand, in sjiiire subjects, the fatty elements of 
tunica adiposa mny become so far Absorbed tLat this 
becomes loose, and its connections with tUe kidney and i 
rounding parts are relaxed so thai the kidneys are capable o 
very considerable degree of mobility, 

Tbe capsule of tbe kidney is a tbin, smooth, firm, and c 
fitting envelope. Composed of numerous firm, elastic fibres,! 
possesses considerable power of stretching and contractin) 
regulated by the degree of vascular tension of the kidney, 
capsule adheres, by minute fibres of connective tissue and c 
lary vessels, to the surface of the kidney, from which, however^ 
it can be readily separated in the healthy organ without dragging 
any of the glandular structure of the organ proper with it. The 
capsule, following the notch or hilum in the renal subsUnce, 
passes into tbe sinus of the kidney and becomes continuous, 
around the bases of the papilla; of the pyramids, witU the 
stronger external fibres and elastic tissues of the calyces and 
pelvis. The pedicle of the kidney is composed of the dilated 
upper end of the ureter, the renal artery and vein, a quantity 
of connective tissue, and a large number of lymphatics and 
nerves. The relations of the vessels and urei.er to each other in 
the jiedicle are as follow : From above downward, artery, twin, 
and ureter; from before backward, vein, artery, and ureter. 
This arrangement occasionally varies. 

The kidney is liberally supplied with blood ; indeed, out of 
all proportion so, according to its relative size. The renal artery 
is of large size and arises from the aorta a little below the origin 
of the superior mesenteric artery, the right usually arising ft 
little lower than the left. As the aorta lies to the left of the 
median line, the right renal artery is longer than the left and 
crosses behind the vena cava inferior. Before reaching the 
notch or hilum of the kidney each artery divides into four or 
five chief branches, which sink into the sinns behind the corre- 
sponding branches of the renal vein and in front of the pelvis. 
Deep in the notch of the kidney these branches break np into 
a number of smaller branches, which leave the veins between 
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the calyces and enter the substance of the kidney between the 



papi 



Tbe renal vein is a short, wide vessel, and, like the nrtery, 
takes an almost horizontal course. Its pi-imary branches — four 
or five it) number — issue from the hilum in front of the arterial 
branches, and then the vein continues in front of the arlery until 
it joins the vena cava. The left renal vein is joined by the spcr- 
Diutic vein, both right and left rennl veins receiving branches 
[rom the suprarcnnl capsule of their respective sides. 

The nerves of the kidney consist of fllnments from both the 
Bympftthetic and cerehro-spinal systems. They nccompfiny the 
renal artery, and are derived from the renal plexus and the lesser 
splanchnic nerve. 

The kidneys arc anrmounted by two small, yellowish, flat- 
tened bodies, — the evprarenal capgules, — wliieh dip sliglitly 
downward over the upper borders. The right one is somewhat 
triangular-shaped, the left one semilunnr. They are connected 
with the kidneys by the common investing areolar tissue, nnd 
each c.ipsule is marked on its anterior surTace by a Gasure which 
appears to divide it into two lobes. The right suprarenal body 
is closely adherent to the posterior and under surface of the 
liver : the left lies in contact with the pancreas and spleen. Both 
capsules rest against the crura of the diaphrngm, on a level with 
the tenth dorsal vertebra, and by their inner borders are in rela- 
tion with the great splanchnic nervo and semilunar ganglion. 

The Renal Pelvis. — As the ureter passes upward it loses its 
cylindrical form on a level with the lower end of the kidney, and 
it there begins to expand into a large, funnel-shaped dilatation, 
which is known as the '■ pi^lvis " of the kidney. After entering 
the hilum or notch the pelvis divides into two or three primary 
tubular branches, which in turn end in several short truncated 
but wide pouches, named calyces or in/undibiila, the mouths of 
which receive the papille as " does a glove the fingers." A 
single calyx often surrounds two or three impillte, so that the 
calyces are fewer in number than the pyramids of the kidney. 

The Ureter begins at the lower, pointed end of the funnel- 
shaped renal pelvis, at a point alwut the level of the lower 
border of the kidney, and extends, in length from fourteen to 
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sixteen incLes, to tlie base ol'tlie bladder, iu to wliicli it oi>ena l>y J 
a constricted, slit-like opening, after having paased obliquely for 4 
nearly sn inch between its muscular and mucous coats. 

Tbe ureter is a cylindrical, membranous tube, about tlie 
diameter of a goose-qnill; but the lumen of tlie tube is not 
uuiTorm. Tbe ureter, in passing downward and inward to the 
brim of the pelvis, lies directly behind tbe |)eritoiieum, resting on 
the psoas muscle, and is crossed by the spermatic vessels. In 
the pelvis it enters the peritoneal fold constituting the posterior 
false ligament of the bladder, and runs downward and forward 
by tbe si<le of the bladder, entering the wall of the latter about 
two inches from the ureter of the opposite side. In tbe female 
tbe ureters pass by the neck of the uterus, about an inch from 
tbe latter. 

The Bladder. — This is a hollow, musculo-membranoue organ 
situated behind the pubis witbJu the pelvis, in front of the rectum 
iu tlie male, tbe uterus and vagina intervening between it and 
tbe rectum in the female. Tbe shape of the bladder varies with 
the age, sex, and degree of distension of the organ. In infancy 
it is conical in form and projects above the pubis. Iu tbe adult, 
when empty, it is small and triangnhtr in form, situated deeply 
in tbe pelvis, flattened from before backward, and rises on k 
level with the upper border of the pubic symphysis. When 
Bliffhlly distended, the bladder is rounded iu form and partly 
nils tbe pelvis; when (^reat/y distended it is oval in shape and 
rises into the abdominal cavity, sometimes extending as far as 
tbe umbilicus. It is largest iu its vertical diameter, and its long 
axis is directed obliquely downward and backward. When mo<i- 
erately distended (containing one pint) it measures about five 
inches in length by about three inches in nidtb. Tbe bladder is 
divided into summit, body, base, and neck. The summit consti- 
tutes the upi>er, rounded border of tlie organ, which is covered 
by |>eritoneum. Tbe body of the bladder, posteriorly, is also 
covered by peritoneum, but anteriorly it is uncovered by that 
membrane. The base of tbe bladder is directed downward and 
backward, resting, in the mate, upon tbe rectum ; in the female, 
lying in contact with tbe lower part of tbe cervix uteri, and ad- 
herent to the anterior vaginal wall. Tbe neck of the bladder is 
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the coDfltncted portion continuous witli tbe uretLrn; in tUe mule, 
surrounded by tlie prosUte ginnd. 

Phvsical Examination. 

For examination of tUe kidney by means of percussion tbe 
patient should lie upon the nbdonien, across a rather bard 
pillow. In this position tbere will be found, in the lumbar 
regiou of tbe normal subject wltb normal kidneys, a epiice 
between the last rib and the pelvic brim, rather less than 
two inches broad, — five centimetres, — which elicits a dull note 
upon sharp percussion. Anteriorly, this dullness is abruptly 
exchanged for tympanitic resonance as tbe intestines are ap- 
proached. The dull note is continuous upward and outward 
beyond tbe limits of the kidney : on the right side continuous 
with that due to tbe liver; on the left side continuous with that 
due to the spleen; while below, tbe pelvic brim (within which 
tbe lower border of tbe kidney lies) prevents the lower border 
of the kidney from being defined. It will, therefore, be seen 
that the normal kidney elicits but little information upon per- 
cussion, owing to its unfavorable position for that purpose, for 
even moderately -enlarged kidneys cannot, with ijercussion, be 
thus outlined. " Obscured by tbe thickness of the abdominal 
walls, covered in part by the lower ribs, liver, and spleen, in 
part arched over by the vertebral processes, covered by the 
body of the sacro-spinatus muscle, the lateral border of which 
closely corresponds with the convex border of the kidney, it 
will be readily seen that these organs present the greatest obsta- 
cles to percussion." In abnormal conditions of the kidney, how- 
ever, notably those of large tumor, percussion becomes of very 
decided utility, but for such purposes the patient should be 
placed upon the back, in the position for palpation. 

Palpation of the kidney ia best conducted by phicing the 
patient upon the back, with the thighs slightly flexed and some- 
what separated from each other. The examiner should approach 
the side of the patient which he desires to palpate, and with one 
hand upon tbe anterior wall of tbe abdomen he should pass tbe 
other hand behind the patient, pressing deeply with his fingers 
from behind forward in the renal region (between the lower 
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border of tlie ribs and the iliac crest), puabing firmly Torwu 
niiy tumor against tlie opposite band. 

Ill patbological conditions oT tlie kidneys, notably \T t 
organs be very much enlarged or displaced, physical esaminatioi 
orteu elicits valuable diagnostic inrormation. Thus, in 
of morbid growths, some knowledge oT their nature is ubtuik>V 
able by tlie sense of touch and manipuUtion. Thus, the or^ansH 
may feel smooth, uneven, globular, lobulated, fluctuant, soft, or 
dense. They move but slightly with respiration. If tumor be 
present, the kidney may leave its normal bed lieneath the dia- 
phragm and be seen in front ; but a normal movable kidney it 
not visible upon anterior inspection. 

A circular, symmetrical swelling between the borders o( tlie 
ribs and the pelvic brim, extending posteriorly toward the spine, 
with (Edematous condition of the skin and tissues beneath, may 
point to perinephritis with peri nephritic abscess. Tenderness 
upon pressure is obtainable in acute, but rarely, if ever, iu 
chronic, diffuse nephritis. It is present in renal stone, espe- 
cially if the latter has excited inQiimraation. In hydronephrosis 
it is usually prescut. and in perinephritis it is especially promi- 
nent. Large formations, as carcinoma, sarcoma, bydroneplin> 
sis, pyonephrosis, perinephritis, and echinococcus, are plainly 
palpable; the latter may show,- bj quick, short, biroaniuU 
percussion -strokes, a peculiar whiz, — the "hydatid vibration." 
Since the kidney lies behind the peritoneum, when it becomes 
enlarged by growths so as to extend forward it usually pushes 
before it the ascending or descending colon against the anterior 
abdominal wall; in such case the colon may be made to fur- 
nish valuable ditTereutial knowledge, because other abdominal 
growths, being iutra-peritoneni, push the colon aside, and there- 
fore furnish no tympanitic note from this source. Since the 
colon is best distinguished when it contains air, it is often 
advisable to inflate it for diagnostic purposes. Movable kidney 
is known by its form, mobility, size, often its capability of 
replacement, and occasionally pulsation of the renal artery may 
be felt. 

Allhougb palimtion is usually aufflcient to reveal the pres- 
eoce of renal tumors of any considemble size, anterior or 
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lateral percuBsioD is useriilly employed for confirmative purpOBes. 
In iLe ftuHior'a experieiiue, onu of the most vsihiablc methods is 
tliftt of snlerior nuscultatory percusBJoti for this special purpose. 
By placing tlie atetlioscope over the centre of a viscua or tumor, 
ftnd by the finger-tips very gently tapping the abdoiiiiiial wall in 
a radiating direction from tlie instniinent, the outline of the 
body upon which tlie stethoscope rests can be made ont witli 
great precision by the impulse and pitch of the note conveyed 
to the ear. 

The mGtho<1 of diagnosticating unilateral dislocntion of tlie 
kidney by bihiteral jMrcnssion, upon the theory of diflerential 
bilateral resonance, altliuugli fornieily much relied upon, has, 
upon wider experience, proved untrustworthy. 

Tile differential features between renal tumors and those of 
adjacent organs often require most careful cousiderntion. Thus, 
the dilfereiitial features between a moderately displaced right 
kidney downward and a distended gall-hladder, nn ecliinococcus 
cyst or other, growth upon the lower border of the liver is not 
readily made out by palpation or percussion. Respiratory mo- 
bility, if pronounced, may, with considerable degree of certainty, 
exclude the kidney. Capability of replacement, on the other 
band, so that the tumor disappears, proves llie tumor to be renal. 
Movable left kidney is differentiated from movable spleen by 
palpation and percussion. Palpation may reveal characteristic 
notches in case of the s|deen ; while in movable kidney the 
pulsations of the renal artery may sometimes be felt by deep 
pressure at the hitum of the organ. Tlie course and relations 
of the colon, as asc'ertained by percussion, are also here valuable 
guides. Respiratory mobility may or may not accompany splenic 
enlargement ; if present it argues against the renal nature of the 
tumor. 

The ureters are so inaccessible that tbey furnish but little 
inTormation upon palpation or percussion. A few surgeons, 
notably Simon, have repeatedly felt the ureters by aniesthetizing 
the patient and ihtrodncing the hand into the rectum. Recently 
palpation of the ureters per vaginam has come to be practiced. 
This oflers no special difficulty, as the ureters can be plainly felt 
for nearly three inches of their lower extremities, and growths 
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or etoncH in tLis portion of the can:il ciiti be cletirly tunde o 
To a less extent [talimliou oC the ureter may be pidctiued f 
rectam willi tbe finger, bnt only nbout tlic last tncU or so of t 
tube can tbus be ordiuarily deBned, as it lies a 
wall. 

Abdominal paljKition is rarely euccessfiil in ureteral exatni- 
natious, niid only in casea of very apsro Bul>jects, wlien iLe ureters 
are greatly distended or are oceupied by large growtlis. Tlie 
vesical oriflce of the ureter may be inspected by moans of the 
cystoscope, and morbid conditions of that part of the ciiniil can 
lie determined satislai-torily. Catbeterlznlion of lUe ureters, as 
yet, is applicable only to limited cases — in the female. This 
immensely valuable means of diagnosis, especially desirable for 
renal as well ss ureteral purposes, must very shortly be per- 
fected in connection with tbe cystoscope. The author's instru- 
ment, devised by Leiter for tUia purpose, lias never proved satis- 
factory ; nor can any of tbe instruments in present use be 
depended upon to meet the purpose. 

The bladder is only noticeable on external inspection in cases 
of extreme distension, when it rises into the aUlominal cavity. 
Palpation is applicable in moderate distension of the bladder 
above the sympliyais pubis. It may also be jiracticed per 
vaginam and per rectum either by one hand or, often with i 
vantage, bimannally. Sir Henry Thompson proposed and pra 
tioed digital exploration of the bladder by opening tbe i 
at or about tbe membranous portion and making a jmssagl 
sufficient to admit the index Huger into tbe bladder. Wliill 
tbe operation is in itself usually a harmless one, more recent 
measures (the cystoscope) for the most part render it u 
sary. Percussion over the region of the bladder reveals nn are 
of more or less extended dnilness, according to the degree < 
distension of the organ. But percussion of the bladder I 
the purpose of distinguishing tumors of the vesical region id 
scarcely necessary, since catbeterization will usually quSckljf 
determine if they be of vesical origin or not. 

A very decided advance in our methods of inspecting t 
bladder has taken place since 1887. when Nitzc first published 
bis metbods of examination of tbe bladder by means of electrli 
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illtimtiiiitioii.' Since iheii tlie complele work of Feiiwick oil 
>' Electric IllumitiiaJun of Lb>? Bkiddcr aud Urutlira " (1888) and 
Nitze'a " IVsl-Book of Cystoscopy " (1889) Ijttve funiislied in 
detail hU tbe tccljiiique of this nietliod of examiimliou ciT iLe 
bladder. By mbaus ul' llie uysloscope we are now able to obtain 
most complete knowledge of a large number of palbological 
conditions of the bladder. " Its use pltiUily discloses ulcera- 
tions, tlieir ehni-acter and extent. It i-nables us to see diver- 
ticula, to find and locitte foreign bodies, to not only plainly see 
stones, but also to ascertain tbeir size, number, sbti|)e, cbaracter, 
and even to percuss tbem with the instrument, the fncysted 
stones no longer escaping detection. Abo\e all, tbe diaguoeis 
of morbid growths of tbe bladder by litis means is rendered 
compariilively easy and eufHtuently esiily to render far more 
etiicient tlieir treulment." Certainly, no longer can a diagnosis 
of obscure disease of the bindder be considered complete without 
the use of the cystoscope. 

Renal Uypke^mia. 
Hypeifemia of tbe kidneys is met witU in two forms: (a) 
active or acute /lypefBrniia, consisting of active detcimi nation of 
nrterinl blood to the kidneys ; (6) panidve hypermmia, or venous 
stasis, consisting of a retention of venous blood in the kidneys, 
usunllv tbe resnlt of some obstruction to the venous circulation, 
either local or general. 

ACUTE RENAL HTTEK-SMIA. 

This condition may be said to mark tbe initial stage of nearly 
all forms of acute nephritis. It may be brought about by 
nnmerons causes. In the course of ernplive fevers and iiiflam- 
matory diseases, such ns diphtberia. erysipelas, pneumonia, and 
acute rheumatism, tbe kidneys, in common with other internal 
organs, lieoome more or less pronouncedly hyperiemic. Toxic 
iiiQuences and certain irritants are very cunimon causes of renal 
bypercemia. If the toxin or irritant be quickly removed, tlie 
normal condition of tbe renal circulation is rapidly established 

> EndiwFopjr of the U>le Bladder," Arcblv t. kiln. 
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nguiii; but ir iiroliacted sufficiently long, the prolonged faypei<>| 
teniia is very apt to result in nctive itepliiilis. 

A nniiiber of eulistnnces when swallowed are capable ofH 
inducin>; active renal lijperKmia, tbe best knonii of wbich a 
cnntljaridia, turpentine, snlpbnric and otijer mineral acids, pbo»>9 
pboruH, cnbebs, and potassium (.-blorate. Acute renal Uypeihfl 
ffiuiin may also be induced by local auto-lrrltation, as in tbe caMl 
or lilhurin and oxaliiiia wbeii long continued. Espoani'e tol 
cold and moisture constitutes a Trequent cause of the conditioal 
under consideration. In the majority of such cases the hyper>4 
eeniia siibaidus without, perhaps, bitving attracted siiecial atten-fl 
tion, but sometimes it passes on into acute nephritis. In latel 
stages or diabetes tlie kidneys usually become hypevfemic, andl 
even albnniiniiria and mild grades of nephritis may also r 

Ths Urine. — In acute liypenemia ol' the kidneys tbe uriatl 
contains more or less blood, tbe quantity depending uiK>n tlie 4 
degree of congestion present. In mild cases only n few scatter- 
ing corpuscles are to be seen, while in active congestion the 
urine may lie very bloody, Tbe color of tbe urine will depend 
mostly upon the degree of hiemorrhage. Albumin is always 
present, but nsually in small amount, rarely exceeding 10 or 15 
per cent, bnlk measure. Tbe urine usually contains a few renal 
casts, mostly of the hyaline oi'der, and of small size ; and free epi- 
thelium from tbe renal tubules may often, though not invariably, 
be observed. Tbe ipiantity of urine at first is increased, and, 
corresponding to this, the specific gravity is somewhat reduced, 
and tbe proiwrtion of solids is reduced, though tbe absolute 
Bolids may be noi-mal. The nrine retains its normal acidity. 

If the congestion continue long, most of the physical char- 
acters of the urine just named are apt to become reversed. The 
specific gravity becomes increased, as do the solids, while tbe 
quantity becomes diminished. In some cases of acute reunl 
liypera*mia, especially when induced by cantharidis, fibrinous 
coagula may appear in the urine. 

Leading Clinical Features. — When the cause is toxic, tbe 
symptoms are to be looked for in the resultant effects on other 
organs of tbe substance ingested. Locally, more or less fre- 
quency of micturition ia present, sometimes with {>ain, urgency, 
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and perhnps vesictl U-iiesinus. Sume pain is iipt to be prueuiil 
ill the region of tbe kidneve, but, iu tlie abaeuce of this, some 
tenderness may usually be elicited upon deep pressiii-c in tUe 
ennie location. In lebrile forms tlie usual fentures of pyrexia 
are to be observed, more or less maiked, according to the grade 
and character of the fever present. 

PASSIVE BENAL HTPEEiGMlA, 

Venous stasis or passive hypenemin of the kidneys is not at 
auy time a primary renal disease, but is always secondary to 
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some obstructive disease of the heart or circulatory organs. 
Jtf itral disease of the heart and valvular insitltlciency, or stenosis, 
are the active causes of most of these coses. 

The Urine. — Tlie quantity of the urine in un com plicated cases 
is n)wa3'B diminished, itnd the specific gravity is increased, usu- 
ally ranging from 1025 to 1030. The color of the urine is dark 
browuisli-red, and the chemical reaction is flrankly acid. The 
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triLiispareacy of llie (iniie is soiui;wli!it diiiiiiiislied, owing: to th»l 
presence of undissolved urates aud iucrense of mucus. Then 
quantity of uric acid is relatively, and sometimes RbsoliitelyJ 
increasud, and Tree uiic-acid crystals are usually to be seen ia% 
the sediment, as nre tlie amorpUoiis urntes. Tliei-e is usnalljrl 
no reduction, either in the relative or absolute quautity off 
urea present. The urine usually contains a small aud variable I 
amount of albumin ; sometimes merely ti-aees arc present; occa# I 
eioually, though rarely, it is absent, while sometimes it majrl 
reach one or two grammes per Hire ; the degree of stasis, seem* I 
ingly, does not correspond witli tlie degree of albuminuria. Tli«4 
sediment usually contains a fen iiyaline casts of small size, and,! 
occasionally, scattering blood-discs or nuclei may be seen ftWl 
tnched to these casts (Pig. 39). A few scattering blood-coisl 
puscles are usually to be seen in the sediment ; occasionally thil I 
ia considerftblc, nlthougii snoh is more rarely the case than the J 
Appearance of the urine would indicate, owing to the coucentrtl*J 
tion of the urine. 

Leading Clinical Symptoms. — These are very cbarftoteristic, 
and comprise dropsy, mostly of the feet and lower extreraitie8}9 
general cyanosis, dyspnoaa, hacking cough ; prominence of tbft^ 
large veins, notably those of the alxlomen ; weak, thready pulsej 
and cardiac lesions. 

Differenlialion. — Venous stasis of the kidney is to be dta 
tinguisbed from interstitial nephritis by the increased volund 
of the urine in the latter disease, its low specific gravity, pattt 
color, normal transi>nrency, spare deposit ; absence, as a nile, of 1 
blood from the deposit, and constant deficiency of urea, botbJ 
relatively and absolutely. To these may be added, as the niOfl|l| 
prominent clinical features of interstitial nephritis, a full, barj 
pulse, always showing increased tension ; cardiac enlargem 
(left ventricle hypertrophied), visual disorders in late stagei 
absence of dropsy till very Inte, chronic uremic distnrbancei 
and the habit of nocturnal micturition, — all of which are abseDH 
in passive renal hyi>er(emia. 




Acute Diffuse Nepusitib. 

Tliia is the ao-ciilled ucule Brighl's cliaeftse, ami is mai'ked by 
very |ironoimced and clutiacteristic reiUuiea.cHiiieiLlly ns well as 
urinary. The causes include tbosc ali'tiady considered as proTO- 
tative of acute renal liypertemia, any of wbicli, if of sufficient 
intensity or duration, are capable of bringing on acute diffuse 
nepbritis. Of the use of toxic drugs, as a matter of actual experi- 
ence, acute nephritis is rarely tbua induced, probably because 
the exciting cause is rarely prolonged sufficiently to bring about 
liigli grades of nephritis. Acute diffuse nepbritis is most often 
met with in practice as a result of the acute infectious fevers, 
notably scarlatina, pneumonia, typhoid fever, diphtheria, relaps- 
ing fever, and epidemic influenza. Less often violent exposure to 
cold and certain local affections of Ibe skin, including extensire 
burns, erysipelas, carbuncles, etc., give rise to this disease. 
Lastly, pregnancy must be recognized as the causative factor of 
a very considerable number of tbese cases. 

The Urine. — In acute diffuse nephritis the urine possesses 
the folluwing typical cbaracteristics: Tbe quantity is invariably 
diminished, and sometimes extremely so. At the height of the 
disease but a few ounces of urine may be voided during the 
whole twentj'-four hours; but later on, if improvement occur, 
the quantity gradually increases until tbe normal volume, or 
even more, may be reached. If tbe quantity of urine rise above 
the normal it may be taken as an evidence that tbe acute char- 
acter of the disease is modified, and tbe tendency is toward reso- 
lution. On the other hand tbe urine, at tbe very height of acute 
nephritis, may become practically suppressed, and, if this con- 
tinue, deatli may be invariably predictetl within a very few days. 

Tbe specific gravity of the urine depends upon the quantity 
voideil, and, as already shown, this varies with the course of the 
disease; so will this feature of the urine. In the early and very 
acute stage of tbe disease the specific gravity of the urine usu- 
ally rises above normal, often reaching 1025 to 1030 or even 
higher. With continuance of the disease the tendency is toward 
a lowered specific gravity of the urine, corresponding with tbe 
increased volume. 

The color of the urine varies considerably at different periods 
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of tlie disease, tlie vnriation depending in part upon llie quantity 
of iirJiie vukkd, and in part upon tbe quantity of coutaiiied { 
blood. As a rule, the color of the urine is dark, more or lesi 
approaching chocolate color. The transparency of the urine is 
diminished, ilie urine presenting a smoky, opaque np|>earanGe, 
in wbieli the normal lustre is completely lost. A diminutiou of 
this character of the urine denotes changes tending toward reso- 
lution. Tlie clieniical reaction of the urine, tininjluenced by 
medication, in always sharply acid ; but upon the use of alkaline 
salts, BO much employed in treatment, tbe urine is often found 
to be alkaline. 

The gross quantity of the urinary solids is diminished in 
acute nepiirltis, the urea siilTeriug the most pronounced reduc- 
tion. The relative amount of solids varies with the volume of 
nriue excreted ; so that in the early stage, marked by great re- 
duction in the volume of urine, tlic relative amount of solitls 
may l>e normal or above. It is important to make the distinction 
here, however, that the gross solids for twenty-foiir hours are 
always rednced. Upon convalescence the gross solids are in- 
creased, especially the urea and chlorides, which were merely 
held back. At the height of the disease the urea is often re- 
duced to 100 grains or even leas for twenty-four hours. Tlie 
urine contains albumin in variable, but always large amount in 
acute nephritis. It may reach as high as 3 per cent., or even 
more by actual weight ; so that upon coagulation it nearly fllls 
the test-tnbe. More frequently, however, the range is in the 
vicinity of J to 1 per cent.; — 5'to 10 grammes [ler litre (Esbach'a 
method). A few cases of acute nephritis following scarlatina 
are recorded, in which the urine was free from albumin, It is, 
however, rare in such cases that Rlbuminuria is absent through- 
out the whole course of the disease ; more often it is of sudden 
onset at some stage, and occasionally it has been observed in 
intermittent form. 

The degree of albuminuria ia considered to mark the degree 
and course of acute nephritis toward a Tivorable or unfavorable 
termination ; and while tbe degree of nlbiiminuria can rarely be 
taken as a safe guide in this direction in general, it may be more 
depended upon as such in this special form of nephritis than 
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]>erliapa in nny otiier Torm of rennl disease. On tbe whole, n 
coiitiiiiioiis diminution in tite quantity of alltuinin in tbc urine 
in acute neplidtia may be accepted as evidence of progresB 
tpWArtI resolution. 

Tiie presence of blood in the urine mtiy be regarded as one 
of llje esaeutini feutiires of tbis diseuse, tliougb varying grently 
in timouot in difTi^rent cases as well as at difTerent periods in 
tbe same case. Fluctuations are frequent during tLe course of 
tlie disease, and, indeed, tlie blood may alternately appear and 
disappear. Htematuria is developed early, being in most cases 
among tbe first symptoms noticed, while it usually subsides 
much earlier than does albuminuria. The quantity of blood 
lost in the average case of acute nephritis is very considerable 
if the disease continue long; this ia partly evident by the in- 
creasing puUor of these subjects. Hicmaturia may be regarded 
as a valuable prognostic indication in this disease, being rarel}' 
absent in severe cases; its appearance marks, with early and great 
certainty, relapses of the acute process, when previous progress 
was favorable. 

The urinary sediment in acnte diffuse nephritis is large in 
quantity, usually brownish in color from admixture with blood, 
urates, and coloring matters. Microscopical investigation of tlie 
sediment discloses the presence of red blood-corpusclea in larger 
or Hmaller numbers. These are somewhat altered, and appear 
" leaehed out" and ragged, unless in cases of marked hemor- 
rhage, when they present more nearly their normal appearance. 
Some pns-corpiiscies are to be noted in the field. Imt rarely in 
any considerable number, Cellular forms are characteristic of 
this deposit; mostly small, round, uninuclear cells from the renal 
lul)ules, which may be present in great numbers; while less 
numerous are the narrow-pointed, email-tailed cells from the 
renal pelvis. The epithelium ia well preserved, and alfords char- 
acteristic pictures of these structures under the microscope. 
Renal casts are present in large numbers, and may have attached 
to them (fl) blood -corpuscles, (6) leucocytes, (c) renal epithelium 
(Fig. 40). The above varieties of casts aie chai'acteristic of the 
beginning of acute nephritis, or tlie disease at its height; bnt 
they are subject to alterations in character as the disease con- 
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tiniies aome time. With Hdvaiicing clinnges consequent 1 
the disease, disorgftnization of the epitbeiitiu) ocuuia, and i 
find tlie metamorphosed casts, sncL as tlie dark, gmnuU 
and broad, hyaline ones, with moie or less organic molecule 
debris. With advance toward reaoUilion the quantity of aed 
nieiit diminishes and Ihe casts become less and less numeroni 
As alieady noted, the uric acid of the urine ia increased i) 
uepUritis, the chlorides are diminished, and in very acute c 
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the latter may disappear altogether. When advancing 
recovery tlie volume of urine increases, and with this 
tlie chlorides and urea become markedly increase<l, having b 
held back by defective climinative power of the kidney duriiq 
the height of the disease. 

Leading Clinical Features. — The most prominent ctinlM 
fuutnroB of typic:i! acute ditfiise nephritis are as follow : Dropsrf 
which is alwuya present, and of a general character, involvinfl 
the face, hands, feet, anil cellular tissues in general. 
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noticenble pallor steals over the patient, though leas pvoniiuent 
tlinii in the chrunic form of the disease. The temperature rises 
to 100° or lOS"^ P., and the pulse is over 100, full, resisting, and 
marked by increased tension, Headaulie is present, often severe, 
persistent, nnd most often frontal. Nausea is frequent and often 
attended by vomiting. Acute urtemia is common, often mani- 
fested by acute visual disorders, stupor, temporary paralysis, and 
Hometimea convulsions. The appetite is abolished, thirst ia 
prominent, and there is dull, aching pain or stiffness felt in the 
loiua and tenderness npon deep pressure in the renal region. 

CaBoNic Diffuse NEpiiaiTte. 

This disease may be a sequel of the acute nephritis Just con- 
sidered, but juore ortcii it develops insidionsly fVom the begin- 
ning. It is more apt to result from the ncnte form when the 
latter is the outgrowth of scarlatina, pnenraonia, diphtheria, or 
some of the acute infectious fevers. The student is advised to 
make a most careful differential study of this disease, more espe- 
cially with regard to amyloid disease of the kidney, with which 
it has since the days of Bright biroself been frequently con- 
founded, with disastrous resnits to the treatment, since they are 
almost diametrically opposite in character. 

The Urine. — The quantity of urine, as a rule, is diminished 
in progressive chronic diffuse nephritis. Although no such 
marked reduction occurs as in acute nephritis, yet a reduction 
of iO or 50 per cent, of the normal volume is not nncommon. 
The fluctuations of the daily quantity are marked, more so than 
in the acnte disease. In the late stages the volume of urine in- 
creases, and iu chronic cases tending toward secondary contrac- 
tion of the kidney the quantity of urine often exceeds the normal 
amount. This is because interstitial changes have been set up 
and the symptoms tend to conform to the interstitial variety of 
nephritis. The specific gravity of the urine is below normal. 
In cases marked by unusual reduction in the quantity of urine, 
the specific gravity may rise above normal. This, however, is 
unusual, and results from concentration of the urine. With 
a normal volume of urine, and often much less, the specific 
gravity rules below 1020, and in late stages tending toward renal 
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cotilrnction the specifio grnvit)' of the urine often sinks to 1010 . 
or below. 

The color of tUe urine varies Trom pale lemon to dnrk brovn, 
more often approaching the former tbnn tlie latter color. TUe j 
urine is always cloudy, the more ao as tlie qunntit; is diminislied. 
When the volume of urine is nearly noiniRt the color is often | 
very light, but the truuspareiicy is always diminished more ( 
less, the appenrnnce of the urine being of a hniy, dirty character. ' 
Tilts depends upon the invariable presence in the uriue of a large i 
amount of sediment, consisting of epithelium, renal caats, pua- ] 
corpuscles, and molecular matter. 

The urine always contains albumin, and usually in larga I 
quantities. In fact, albuminuria may be said to reach its mu 
imum as a symptom in this form of disease, often reaching a 
high as 3 or even 4 per cent, by actual weight. In such cases | 
coagulation becomes ao pronounced with reagents that an acci^ 
rate estimate of the quantity by bulk measurement can only be 
made by largely diluting the urine previous to testing. While 
the average quantity of albumin in the urine in this diseaae, 
therefore, ranges very high, it fluctuates markedly in different 
cases as well as in the same case from time to time. It would 
seem to maintain a fairly constant ratio to the Bi>eciflc gravity of 
the urine in most individual cases; more especially so wlien the 
changes in the specific gravity are sudden, or arc observed over 
short periods of time. Thus, if the specific gravity of tbe urine 
be 1014 one day, while the next day it rises to 1018, a decided 
increase in the amount of tbe albumin is sure to be noted. Tbeae 
changea, however, are only relative ; the absolute loss of albumin 
for twenty-four hours remains pretty uniform over short periods 
of— say — a few days. Any decided increase in tbe absolute 
quantity of albumin in these cases indicates an extension or 
aggravation of the diseaae. In cases characterized by great 
chvonicity, more es]>ecially in those cases tending toward con- 
traction of the kidneys, tbe quantity of albumin in the urine 
often becomes reduced both relatively and absolutely. 

The solids of tbe urine suffer more or leas reduction in this 
diaease, urea and tlie chlorides moat notably so. Occasionally, 
when drnpHy is subsiding under diaphoretic measures, there may 
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l>e a, temporary increase of the Bolids of tlie mine, especiiLlly 
that of urea, wiiicli may even exceed tlie normal. 'I'liis, however, 
is of brief duration, and, after a time, faila Ijack again l>elow tlic 
normal staudai-d. 

Tlie urinary sediiiieiit funiisliea tlie key to tbe diagnosis of 
this disease. As already staled, the sediment is relatively large 
in quantity and consists of casts, white blood -corpuscles, epi- 
theUuii),anil cellular remnants. The casts are numerous and of 




nearly all known varieties, but the most distinctive ones are the 
dark granular, broad hyaline, and more especially the so^alled 
fatty cos's (Fig. 41). In the more recent cases the casts may be 
less numerous, and, as a rule, the hyaline, slightly dotted, or 
ftiintly granular ones, as well as those dotted with cell-fragments, 
predominate. The longer the disease continues, the more nu- 
merous the casts become, and, moreover, the more predominaut 
liccome the dark granular casta, the broad casta from the large, 
straight tubes, and the casts with fat-droplets attached to them. 
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Tlie fatty casts may almost be aaid to be clitirncteristic of this] 
Gonditioo. Red blood-coipuscles are rarely met wiili iu tliial 
lesion, i>erbaps only in cases wliivb bave recently sprung firoitfl 
tbe acute fonu ol' ueplirilis. On tbc otiicr band, It^ueocytea a 
always to be foumi in larger or smaller numbers. A veryJ 
innrked sediment of granular debris is observed iu this lesion^ 1 
consisting of broken-down cellular elements. 

Epithelial cells from tbe renal tubules are to be found, som^l 
times ill numbers. Tbcy ai'e less perfectly preserved than inJ 
tbe acute lesion, disorganization of structiire being everywberftl 
aiiparenl. 

Leatling Clinical Features. — The leading clinical features of 1 
cbronic diffuse nupliiiliM are briefly and concisely tbe folloningij 
First nnil most proiniueutly dropsy, whicb is progressive, obsti- J 
uate, general, auil sooner or later extieuie, — involving the cel-j| 
liilar tissues find ultimately tbe serous cavities. Antemia ii 
leas marked and striking, palpable iu the pallid, pult'y face atul'.l 
dougli like extremities and body, anil pale mucous sni'faceal 
wherever visible. Debility is prominent and progressive; these I 
patients being feeble and helpless, often bedridden. Emgiciatlon J 
is progressive, but masked by the dropsy. Tlie appetite andJ 
digestion fail, owing to the charged condition of tbe blood wittil 
effete prodtiets which the kidnevs fail to eliminate, nrfemiajr 
when present, is of tbe leaa active or chronic order, cumn niHt'l 
convulsions being rare, except at tbe close or tlie result of actltal 
complications. 



Chronic I 



Nephhitts. 



Under tbe above head will now be considered tlie diairnostie-'fl 
features of those usually slowly-advancing elironic process 
which ultimately terminate in granular contraction or atrophia 
of the kidneys, known as renal cirrhosis or cbronio Bright's difr' 
ease. Many of the early writers seem to bave confounded tbUf 
lesion with diffuse nephritis, at least so far as to consider it tll«j 
outgrowth of that primary lesion. We now know Ibat wbilfl 
renal contraction is sometimes the result of long-continued d 
fuse nephritis, yet the overwhelming majority of cases l>egin n 
only independently of that lesion, but are essentially interstitifd 
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and alropbic processes fiom the bcginnJug, Riid, moreover, are 
lUe outgrowth of totally -opposite conditions of the eystem nnd 
habits of life from those in chronic dilTuse nephritis. The pre- 
vIoubIj' robust, hearty, and overnourished arn almost invariably 
the subjects of the interstitial lesion; while, for the most part, 
the opposite clftss of people are more commonly the subjects of 
tbe other-named lesion. 

It may be premised that primary interstitial nephritis is one 
of the most stealthy and insidious of all diaeases in its manner of 
approach, giving rise to few, if any, noticeable symptoms until 
in progress for a number of years, — often ten to liftcen. The 
lesions, though wide-spread, inclu<ling tbe heart and arterial 
system, are yet almost imperceptible in their nninifestationB in 
tbe early stages; at the same time they are slowly progressive 
and permanent in character. Nutwitlistuuiling all this, with due 
care aud minute scrutiny of all tbe surrounding features of the 
case, intei-»titial nephritis may always he diagnosticated, however 
early and slight the lesion, if only attention be called to tbe 
matter; and the method of compassiiig this will now be con- 
sidered. 

In the study of interstitial conti-ncting kidney it should be 
Irame in mind that, as a rule, it is accompanied by a progressive 
hypertrophy of the left ventricle of the heart in at least 80 per 
cent, of the cases. While the caniiac hyperlropUy is in progress, 
tbe symptoms, both urinary and general, are pretty uniform and 
invariable. If the patient survive siifHcientiy long, bowever, the 
hypertrophied heart undergoes degenerative changes, and with 
tbe consequent beart-faihire many of the characters of the urine, 
as well as the general symptoms, change completely. If this 
fact be kept in mind it will serve to prevent the confusiou so 
apt to arise in consequence of tbe variability of the symptoms 
in different cases, as well as in tbe same case at different periods 
of tbe disease. 

The Urine. — In typical interstitial nephritis the urine is 
increased in quantity, is slightly paler than normal in color, 
perfectly transparent, rather sharply acid in reaction, and tbe 
epeciSc gravity somewhat below tbe normal range. Albumin is 
usually present in small quantity ; only a few scattering casts 
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are [jreseiit, and Ibeseareof the narrow, per fee llj hyaline order)'! 
renal epitLeliuin and celUilar eletoeiils are rarely observable, buU^ 
uric-ciuid and ealci nm-oxalate crystals are often to be Been undoi 
tUe microBcojie, The (.'liloi'idea of the urine are iieurly norm 
in qnnntity, the ureit move or lees deficient, and the phospUatatfl 
are reduced considerably. 

A more minute nnalyBis oT tlieee features ebows the follDwing ^ 
cbnractei'B : The quantity of urine is usually increased from the 
beginning. This polyuria ia maintained nnifonnly and pro- 
gressively nntii u comparatively late period of the disease, when 
lieart-failnre sets in and the volume of urine often then sinlCB ^ 
below nonnnl ; nor ciui it in such eases again be maintained reg> I 
ularly np to the nornml standard during iLe remainder of tU«l 
patient's life. The specifio gravity of the urine l>eeome8 pr<v>l 
grCBsively lowered ; in tlie beginning a falling off of but two or I 
three points is usual ; later on the reduction is more marked, I 
though it never descends aa low as in chronic diffuse nephritis 1 
or amyloid diseiise, but in pronounced cases it ranges between I 
1010 and 1016. With heart-failure and consequent diminntioa I 
of the volume of urine the specific gravity rises somewhat, and 4 
may even approach again the normal standard, after havingf i 
remained for years constantly reduced. 

While albuminuria is the ride in this lesion, many ex- 
ceptions have been noted. The exoeptions are often apparent 
rather than real, because albuminuria of interstitial nephritis ia 
notonously intermittent in character, sometimes disappearing | 
for days and weeks, to return nj-nin and again, regardless of th^ 
stage of the disease. It is prolmble that if these so-called noa.* 
albuminuric cases were kept under constant observation albumin'g 
would be found in the urine in many of them some time durittj 
the course of the disease. This has been the ext>erience of th«fl 
author, although he has met with a few cases in which the urinfl'l 
was absolutely free from albumin throughout. So long as inter>v 
Stitial nephritis remains uncomplicated the quantity of ftlbumina 
in the urine is invariably small, usually ranging below 10 peiM 
cent, volumetric measurement hy the author's centrifugal mothodrl 
Qeneriil or local disturbances, enoli as " catching cold." mild fbbril«t 
attacks, etc., quickly increase the albuminuria. In late stagM 



of this lesion assocbted witli curtliiic Tuilure iill>Liiuiuui'ia becomes 
ttugmeiited coiiflideriibiy,llieqniiiitity ofalbumiu nmy reacb from 
30 to 40 pur ceiil. bulk metisiire. In no case, liowever, does 
nlbuminuriA approucli lljt; cslrenie grade in tLis lesion that it 
does eiliier in acute ur clironic tliffnse Depbritis. 

Botb tlie relative and absolute amount of urea in tbe urine 
begins to sutler reduction IVoni tbe beginning. At Brst il is 
sligbt, but as tbe disease ndvunces it becomes a t-onstant and, in 
many cases, a luarked Ttiature. It is not at all niieonimon, in ad- 
vanced intei'Stitial nepbritis, to note a reduction of tlic nl>solnte 
amount of urea of I'roni 5(1 to 15 per cent. More or less reduc- 
tion is also to be noted of tlie quantity of all tbe urinary solids, 
tlie cblurides suffering tlie least i-ediiction and tlie pbospbates 
most. Witb regard lo tbe phosphates in particular, n diminu- 
tion in quantity of tbe pbospbatea in tbe urine may be regarded 
almost as constant a feature of this lesion as the presence of 
albumin. 

Casts from the renal tubules are probably always present in 
the urine in tliis lesion, but tliey are rarely numerous, some- 
times extremely Bi>8rse and dilticult to finil. This is due to 
tbe fact that tliey are of such delicate, hyaline, non-refracting 
character timt tbe most careful search is necessary to detect 
them ; besides, their small numbers, rendered still more sparse by 
the accompanying polyuria, it often becomes necessary to con- 
centrate the sediment in order to find them. As tlie disease 
advances tlie casts become more numerous, and often tbey show 
fine granulations; they are largely of the narrow hyaline and 
granular orders. 

The crystalline deposit in tlie urine in this lesion consists 
chiefly of uric acid and calcium oxalate, botb of which are often 
to lie noted togetlier. For the most part these deposits are 
noticeable in tlie early stages of tbe disease. Tbe uric acid is 
precipitated chiefly iu consequence of tbe diminished pigmen- 
tation of the urine iu tbts lesion, ratber tiian in consequence of 
the esce)4s of the former. Tbe oxalic deposit occurs most often 
in polity subjects. 

Oil tlic whole, the urinary sediment in this lesion is,remark- 
ably small in quantity and practically free from cellular eleraentB, 
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save tbose that ure common lo uoi niiil iiriiie. It is iiol 
to find, even upon Htaiiilin^ Iweii ty-l'uui- liuurs, or loiitrifugatto 
of llie urine, litilu or no aeiliinenl iiolicealile to the nuked t 
Towaid tbe tenniniition oftliu tlUba»e, however,aseiliinciit is u 
ally Doticenble, in coiistninmice |mrt1y uT lb« mur« coDceutrtit* 
state of tlic mine, as well as the wider extennion or the h 

Interstitial nephritis venders tbe kidneys extremely prone ti 
take (in sulmcute or even nciite uttueks of nephritis upon expi 
sure to certain cnnnes, especially tintt of cold and febrile ( 
inflammatory diseases. In ttnuli cases tlie quantity of albiin 
in the urine becomes markedly increased, the volume of or 
diminished, and the sediment becomes more pmnoiinced t 
■pproBches, in its Bi>ecial features, tiiose of acute uephril 
already described. In snch CAsca it ia necessary, in addition t 
the urinary examination, to cnrefnlly rttj^ard the history i 
general clinical features of ttic case, in i>rder to diagnostic 
the trne conditions present. 

Leading Clinical Featurea. — In typical cases of chronM 
interstitial nephritis we niaj- look for the following olfniei 
features: Tlie patient linbitiially rises at night once, twice,* 
oftener to void urine wliicli, to the eye, appears normal in il| 
tmnspaif!ticy and nearly so in color. The Jiulse is alivayu fklW 
hard, and resisting to tlie finger, and marked hy decided teiiftlo 
as measured by tlie sphygmograph. The second cardiac soniu 
OS heard best in the second right intercostul space, within i 
inch and a half of tlic sternnra, is always distinctly acoeotedr' 
shari>er and louder than normal. In njost cases — at least 8 
cent. — the normal area of cardiac dullness is more or tes 
tended lielow and to the left, aiid, in many cases, notably if t 
lesion be advanced, this feature is very prominent. DIsonlM 
of vision are common some time during the course of I 
lesion, not very frequently early, hut almost certain in late ftn^ 
UrKraic disorders are encountered dining the course i 
disease in some of tlie following forms: Mild post-cervloi 
neuralgia is very common, almost clmracteristic; diarrlio 
attacks, which mark eliminative eH'uits of the *:ystem vii 
dyspniea, whicli often ap|>ears of an nsthmatic type ; drowsinei 
coma, and nometiines convulsions. 



aiROMC INTERSTITIAL NETURITIa. 959 

Attacks of lii'uiii'bitia are coiinnoii hihI diltlciilt to get lid 
of; niiiter coiigli of the aged frequeiitlj' owes its origin to tliis 
cause. Acute tnflauimntiuiia of tlie pleiiin, liiugs, or peritonetiRi 
are prone to be siiddenlj' kindled and run a fatal course. Dropsy 
is absent, save in advanced cases, and tben it is due rittlier to 
tlie cardiac failure tban to tlie renal lesion. 

Tlie early diagnosis rests upon tlie following points: A 
previous condition of robust henllli is usual ; age, over 40 years ; 
patient rises liabitually at nigbt to void urine of normal ap|>ear- 
ance; the pulse is full and haid (never veak); the second sound 
of tbe heart is alinormally loud ; tlie urine is deficient in urea ; 
small quantities of albumin are usually present, and hyaline 
casta are to tie observed under the microscope if the sediment 
be concentrated. 

The diagnosis of the advanced lesion can scarcely be over- 
looked by the most superSeial observer. Tlie plainly-observable 
hypertro|iliy of the heart; tbe presence of nrseniic disoiders, as 
headache, dyspucea, visual defects, diarvhoeal atttickn, and per- 
haps drowsiness at times ; together with certain changes in the 
urine, notably albuminuria, deficiency of urea, the presence of 
casts of the hyaline and granular order almost exclusively, serve 
tiotb to call attention to the disease nud mark its special char- 
acter. 

Interstitial contracting kidney in many of its features is not 
unlike passive bj'pertemia of the organs. TbediHerential features 
of the two have already Iwen noted in connection with the de- 
scription of tlie latter. (See page 245.) 

Amyloid Disease of the Kidney. 
Amyloid change in the kidney is a local manifestation of a 
general constitutional defect; moreover, this lesion is seldom 
confined to the kidneys, but nearly always involves the liver, 
spleen, and gnstro-intestinnl tract. Amyloid, or, as it is sonie- 
timea termed, waxy degeneration, is essentially the outgrowth 
of a cachectic condition of the system, and most often follows 
in the wake of syphilis, chronic suppurative processes, such as 
abscesses, estensivo ulcerations, or necrosis. Tuberculosis is 
frequently traceable in the family history of these cases. 
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The uliaiiges in the kidneys in xiujloid tliseafie aie very 
uuirked, and give rise tn n very proiioutieed tmtii of symptoms; 
the latter, apon BU[>erlii'iiil exnmiiiKtiun, might l>e niisliitteii tor 
those or chronic ditTlise iiopliritis. Both the lesions nnd sym|i- 
toms, however, are essentially and widely difTereiit in ehai-neter. 
The aiithur desires to emphasize in the strongest possible niaimer 
the importance, thererore, ot carerully distinguishing tliese two 
rcnnl leaiona, sinec over and over again he has been n witness to 
the melancholy results orsitL-h error. RtiH;ntedly have these e&- 
chectic, Ul-Donrished snlijects come mider hia observation in the 
Inst stages or the disease, who had long l>een consigned to the 
starvation process of a " milk diet," nmler the impression that 
their allmmiiuiritt was the result of nephritis. 

The Urine. — The dtaracteriatic feutnres or the urine in typical 
amyloid lesions of the kidneys are concisely as Tollow: The 
volume of urine is aliove normal, the color lighter than usual; 
Ihe transparency is unchanged, the specidc gravity is low, albu- 
min is present in marked quantity, and the sediment is very 
slight in quantity, containing little or no cellular elements ; and 
but a moderate number of casts are present, most of which are 
of medium size and broad, hyaline orders. 

Before considering more minutely tliese features of the urine 
it may he premised that the cliaracLers of the urine in this 
lesion of the kidney are exceedingly apt to fluctuate rather 
widely indifferent cases; but, notKliIistandins this fact, well- 
marked diagnostic characteristics are not dilHcult to trace 
throughout the progress of the disease in most if not, indeed, 
in all cases. 

The quantity of urine in amyloid lesions of the kidneys rules 
above normal IVom the beginning, snd in most cnfics the increase 
is decided. The volume of urine is subject to temporary ])eriod8 
of falling oir, and at snch periods it may fall lielow the normal 
8tnmlai*d. These jieriods of tempmiiry reduction in the volume 
of urine may often l)c accompanied by corresponding attacks of 
dinrrhtBA. The st>ecific gravity of the urine is pretty uniformly 
reiluced in marked cases, ranging fiom 1008 to lOU. Sometimes, 
however, even in cjises attended by a marked degree of albu- 
minuria, the specific gravity ranges as high as 1016 to lOlU, and 
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in Biicli cases tlie prugtiosis is more r&vornble. Iii fact, tlie few 
oases oT ultimate recovery from tliis disease observetl hy tlie 
nutlior liiive, williout esceplion, been cases alteiided l<y a com- 
parativelj' liigli range of speuillc gnivity of tlie urine. CuHca, on 
the otlier ham), ure not iu frequently met wiUi in whieli llie sjiecifio 
gravity of the urine sinks reniarkably low, jn'rliapa lower than 
in any oilier form of renal lesion,— 1006 anil even 1004. Sitcli 
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fentnres are, however, only met with in very late stages, and are 
usually associated with marked polyuria. 

Tlie iiresence of albumin in the urine may be regartied as an 
esBentinI reatnie of amyloid lesions of the kidneys. The urine 
not only always contains albumin in this lesion, but the albumin 
is present in considerable, often in large, amount. The usual 
range is about 4 to 7 grammes per litre (Esliacli's method), tUongh 
it is not nncommon for it to rise to double tliat amonnL The 
coutiie or albuminnria in amyloid lesions of the kidney is quite 
variable as to qnaiitity; in the early stages it may be slight, 



263 URINAHV niAHNtlHIS. 

Cbougli Bubjeet to sudiU-n iiicicuse, iiail wilU tlie aJveut of poly- I 
iiria may Agnin full off. Tlie uriue always contains globulin ia 
tills lesimi, uflen in linger quantity tlian tliat of seriua-alliuuiia. 

Some vediictiou ol' the urinary solids is usually to be noted i 
ill tills lesion. Tlie uroti is slightly below the normnl stnndKrd,. 
probably due chielly tu Lbe lowered stute uf general nutrition,. 
rutUer than to the influence of the lesions over the t'uiiution of \ 
the kidneys, siuce uriemia is rare in unco m plicated amyloid 1 
kidneys. 

The casts are sul>je(;t to some variation in uumt>er and variety. 4 
. With tbe polyiiiia the casts are often very scarce and almost j 
exclusively of the hyaline order. On the other hand, when casta | 
are comparatively numerous, ao-called waxy, yellowish, refracting j 
casts may be present, and occasionally ilark, granular ones. The } 
chief distinctive feature ahont most of the renal casts met with i 
in this lesion is their comparatively large size nud hyaline char- J 
acter. 

The urinary sediment is comparatively small in quantity in 1 
this lesion, in fact unnoticeable, as a rule, to the naked eye, aod I 
it is practically devoid of cellular elements throughout if tUft { 
disease remain uncomplicated. 

Leading Clinical Features. — Amyloid lesions of tbe kidnejrs j 
appear in the wnke of the so-called wasting diseases, or are oflen i 
preceded by syphilis or some exhausting suppurative process, | 
These patients a)>pear unhealthy and plainly cachectic, except 1 
in a few syphilitic cases. The akin assumes a sallow or bronze j 
like tint, the tongue is nearly always heavily coatecl, dyspepsia J 
is prominent, and diarrhoial attacks are common. Dropsy JK I 
present in most cases, but exceptionally it may l>e absent nntll J 
late. Uriemia is exceedingly rare. The liver and spleen become I 
enlarged some time during the course of the disease in the mor j 
jority of cases. These patients are weakly, anaemic, and en- 
feebled, with small, thready pnlse and cold extremities; bnt | 
the predominant features throughout are the disorders of thfl j 
stomach and bowels; dysjwpsia or diarrhoea or both demand 1 
almost constant attention as the discrase becomes advanced. 

The distinction between amyloid disease of the kidneys 
chronic dilfuse nephritis hinges upon the following points: In 1 
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iie})liriti8 tlie iirinnry sediment is large in qimiitity, auil contsiiiB 
& large Dumber of cuats, iucludiiig epithelial, dark granular, and 
fatty casts, as well as tliose with fi'agnienUu'y cellular elements 
attached. Leitcocytes,ceIlular elements, and granular debris are 
prominent fuatures of the sediment. Dyspepsia and diarrhoea 
lire not especially prominent I'luliires, nor is cachexia a common 
accouipnuimeiit. Ttic liver and spleen are not enlarged, liut 
anaemia is very pronounced. In amyloid disease the reverse of 
the above fentiires prevail. 



CvsTic Disease oi' the Kidney, 
This disease is met witli in two forms : (o) As a congenital 
obstiiiclive disease, usually associated with al)Bence of the ureter, 
or other mnl formation interfering with escape of nriue. (h) As 
8 disease of adult life, and independent of the congenital form ; 
and in many of its features allied to chronic interstitial nephritis, 
— indeed, by some authors considered a form of the latter. 

Practically, the latter form only possesses a clinical interest 
to physicians, and to this form the following considerations 
apply :— 

It is not uncommon to find cysts of considerable size in 
chronic contracting kidney as the result of distal constriction 
of the uriniferous tubes, which result in proximate dilatation by 
the urine- In the disease under consideration, however, the 
cystic formation, though undoubtedly the same in origin (tubniar 
dilatations), yet it so greatly exceeds nil otiier changes in the 
kidney that the organ increases in bulk sufficiently to entitle it 
to rank among abdominal tumors. The slia]>e of the kidney is, 
in tlie main, retained, and tlie weight of the organ may reach 
from 2 to 16 pounds. The disease is almost uniformly bilateral. 
Dickinson noted but 1 case out of S6 in wliich the disease was 
confined to one kidney. Both the medulla and cortex of the 
organ are replaced by cysts varying in size from a pin-point 
to the size of gratis or walnuts, the larger ones being usually in 
tlie centre of the organ. Tiiey contain fluids which vary in 
color, some being pale straw-colored, deep-yellowish, purple, or 
bloody. In consistence the contents of llie cysts may be serous, 
viscid, syrupy, caseons or almost solid, consisting of fat mole- 
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cules, epitlieliiiin, crystals or cboleslt-riii, lu'iu nctti, sinil Iriple j 
pliospljates. The cj'bIb do not intercommuniciite or termiiiata I 
with tUe Inrge conducting tubes, oaljces, or renal pelvis, but are ] 
easentinlly doae<l cavities. 

The Urine. — TIjia somewbnt reaeinViles tlie urine in chronic 
interstitial nepliritis. In typical ciisea the urine is nlbiiminoua, 
the qunntity of nlbitniin varying from 5 to 30 per cent, bulk 
mcaaure. The urine is pale in color when fri'e from blood; of 
low specific gravity, varying from 1010 to 1015,tliongh it lias 
been noted as low as 1005. Renal casts are nsually found , nearly 
always of the grannlar order and large size. The urine contains 
blood at intervals, and sometimes in large quantities. In one of 
the author's cases the hematuria was so severe and persistent fur 
tnontha that the patient became blanched and aniemic to an ex- 
treme degree, notwithstanding absolute rest in bed and the use 
of styptics. 

Hiematuria largely contributes toward exhaustion in many 
of these cases. In ipost cases pus is present in the urine In 
niodei-ate amount. The quantity of urea is markedly reduced, 
both relatively and absolutely. The phosphates are sometimes 
increased in quantity, which ie rarely the case in interstitial 
nephritis. Tlie chlorides and sulphates sulTer but little change. 
Triple-phosphate crystals are frequently noted in the sediment, 
notably in late stages of the lesion, when, as is usual, more or 
less cystitis is present. 

Cllnioal Features.— The most prominent clinical features of 
the disease, aside from the urine, are enlargement of the left 
ventricle of the heart, without valvular disease, and increased 
arterial tension, as sliown by the sphygmograpb. The skin is 
pale and sallow, and cachexia is apparent. The patients are 
always adults, mostly between the ages of 45 and 60 years. 
Hn-mntiiria is prominent, recurrent, obstinate in character, and 
often profuse. There is usually tumor in renal region ; bilateral, 
though often unequal in size; soft, but non-fluctuant, anil pre- 
serving the shape of the kidney. In late stages of the lesion 
there is nausea, vomiting, headaches, suppression of the urine, 
oomu or convulsions, the latter being the roost frequent cause 
of death. Less frequently death results from exhaustion (througb 
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renal beemorrlingc), broncbitis, pneiimonin, or pulmonary oedeina 
attended by severe dyspnea. 

Cystic diseaee of the kidney is distingiiisUed from chronic 
interstitinl nephritis by the non-fliictuaiit swelling in the sides, 
the recurrent and often severe hEemattiria, and the sallow, 
cncbectic appearance of the |>atient. Prom cancer it is distin- 
guished by the absence of pain and slower progress in cystic 
disease. In cancer there is rapid growth of the tumor, which is 
of nodular outline and uneqnal resistance. The age, in cancer, 
is either under 5 years or over 60, while in cystic kidney the 
most common age is from 40 to 55. Finally, the aspirating 
needle will determine if the tumor be cystic or of solid growth. 



DISEASES OF THE URINARY ORGANS. AND URINARY 
DISORDEKS (Co'itinued). 

RENAJ. TUBEaCTLOSIS. 

In the light of recent facls and iiivtstigiitions, tuberculosis 
of the genito-uiiimry tr:ict, through hetero-infection, must be 
considered rare, if indei-d possible. Certainly, bo far as th« 
kidneys are concerned, it seems out of the question. Wliite 
careless or uiiclciiu eatheturiziitioii may cause infection of the 
liroBlJito, involving the vesicula and extending to the epididymis, 
the anatouiy of the urethra ami the fact tlmt tubercle bacilli do i 
not multiply in the urine or |iosse8S iu tliemselvea any degree , 
of motor ]>ower negative ihe view heretofore held by some, that ' 
infection inny occur through coitus, or the infection reach the 
kidneys or upper urinary tract through tlie urine. 

Tuberculosis of the kidney occurs in two distinct forms: i 
(a) acute miliary tubercutoinn and (b) local vagealtng tubercvtoait I 
or *' scro/iilouB kiihieij," The miliary form is mostly met witU 
in childieii under 10 jears of age. It is pretty uniformly bilat- ; 
ernl, Although the organs often (liiTer in degi-ce of inGltration. 

The caseating or scrofulous kidney is most frequent in young 
aud middle adult life, although it may lie met with late in life, 
and it is rare under 10 years ufnge. Scrorulona kidney is nearly . 
ns often unilateral as it is bilateral. Of the two forms of renal 1 
tuberculosis the miliary form is about twice as IVequently met J 
with as is the cnsenting or scrofulous kidney. Miliary tuberea- 
losis is alw:iv9 associated with tuberculosis in other parts of the j 
organism, most often phthisis pnlmonalis, tubercular meningitis, 
and tabes mcsenterica. This form rarely gives rise to distinct- I 
ive symptom*, being mei^ed for the most part into general 
tulierculosis, ami, therefore, scrofulous kidney only deserves 
special consideration in this connection. 

Chronic localized tHl>erculosi9 of the kidney, renal phthisis, 
tubercular pyelitis, tuberculous pyelonephritis, or scrofulons 1 
(266) 
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kidoey, as it is severitUy known, begins usimlly at tbe pupillary 
npicea. in the calyces, or reijitl pelvis, imd froni tlience by the 
blood-und lymph- cbanneU it extends to tbe kidney proper. De- 
posits or cheesy malti-r infiltrate the renal pnpi lite, and in tbe 
course of a few weeks tlieae form irrejrulai, softeueil areas, which 
by progressive infiltititiun spruiid deeply inward, involving tbe 
pnrencbymaot' tlie kidney. The orgiin becomes, in consecjiience, 
enlarged and lobulated. Tbe renal pelvis and ureter, on the 
other hand, become conlmcted in consequence of thickening of 
tbe mucosa, and later on the ureter often becomes choked or 
blocked by softened and caseous masses detncbed from ulcerated 
CHseating surfaces above. At the same time the tubercular 
nodules witbin the kidney, after reaching considerable size, 
undergo necrotic changes and break down, forming irregular, 
rudely-globular cavities. These, as tbey enlarge, liecome pyri- 
form in shape and extend until they coalesce, and at length tbe 
whole medulla anil most of the cortex become involved. The 
destructive process continuing, the contents of tbe renal cavities 
at length burst into tbe renal pelvis and tbe whole organ becomes 
practically an abscess-cavity. If tbe ureter be [lervioua the 
uriue washes down the debris, which present characteristics soon 
to be considered in detail. Should the ureter, however, become 
[lermnnently blocked, dilatation and sacculation of tbe kidney 
result, — practically a tubercular pj'ouephrosis. In case one 
kidney remain uniuvolvcd the diseased organ either becomes an 
hydronephrotic cyst or a shrunken, " putty-like " mass ; in both 
cases little, if any, of the secreting tissue proper can ultimately 
be found. The disease is usually a chronic one in character, nud 
during its course neighboring organs are olleu involved by direct 
extension through the capsule of the kidney, more especially the 
liver and spleen. 

The Urine. — Polyuria from tnl>ercidiir irritation is probably 
the earliest urinary change. Tiie quantity of urine is increased 
and the calls to micturate are more frequent than normal. Traces 
of albumin and a few blood-corpuscles are usually to be found 
also before destructive ulceration sets in. The urine ia usually 
pale and murky in appearance, of somewhat lowered speciflo 
gravity, and of acid reaction. 
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Wben ulcernlTve clinuges set in Ibt mine jn-eseuls tlie follow- J 
ing chntiges more or lees marked, according to the degree of f 
d^eneration in progress. Tlie urine is of a pale, milky color* J 
the transparency is dintinislied, the Bt)«cifie •:r.ivity ia below J 
normal, nn<l the reaction i§, ns a rule, alknlini-. Tlic urine cmjo- J 
taiiia pns in gradual lyincreneiug qumititj'. 'I'lie [uis is less I 
variable in quantity from day to day (unless the ureter becomea 
blocked) than in most other forms of pyuria. The pus imparts to 
the urine a more or less protioiinced milky ap|>earance, whieh 
does not completely subside as in utost other conditions of 
pyuria, hut much of the pus remains in sus]>ension even after 
long standing; this is very signiflcniit of renal tuberculosis. 
The urine contains blood in rather more than 25 t>er cent, of the 
cases. If the blood come from the reual pelvis it is usually 
small in quantity, often unappreciable to the naked eye. Some- 
times very roarkeil hrematuria occurs, usually at intervals; and 
this denotes ulcerative changes within the reual parenchyma. 
As the disease becomes advanced the urine usually becomes 
ammoniacal and markedly offensive, contains ropy mticna, and 
deposits triple phosphates, small caseous masses, and renal 
dibris. The urine is albuniiuou.i, sometimes highly so; always 
in excess of the ratio, due to contained pus and blood. 

The bacilhis tuberculosis of Koch is present in the urine in 
most oases after necrotic clianges set in, and its discovery is 
diagnostic. The tnl>ercle bacillus can often be demonstrated in 
the urine by the methods already considered, though this is by 
no means so easy as in the spuLnm. owing to the fact that they 
■re relatively few and scattered in the average sample nf urine. 
It is safer, therefore, when suspected, but not found by direct 
examination, to resort to cultures in gelatin after the nsnul 
manner and the inoculation of nnimals. 

Leading Clinioal Features The leading clinical features of 

renal lubereulosis are concisely ns follow : Polyuria and dysuria, 
the latter prominent and progressive. The bladder will not 
tolerate the urine, and ia only free from pain or distress when 
empty. Fain begins al)oiit the middle of the act of micturition 
and continues to the close, but. ns a rule, not after. Some pain 
is usual in the renal region, accompanied by tenderness upon 
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(iee}) pressure. The evening tem pern lure is UHnallj' IVum 2 to 4 
ilctgi'ecs liiglier tlmn Dornial, or sometimes jwi'iods u( fever occur, 
iuiitiiig for several dajs, followeil by periods uf vemisBiuii. TUese 
{iiktieiits siifler fi'om profuse uiglil-swents, loss of uppelite, de- 
bility, ilikI euiuciutiou iti tbe course of tlie leeion ; while cough 
iind diiirrhceit nre scarcely less frequent flceompunyiug featuree 
of the disease. Uriemic coniplieatiuns are rare. 

From calculus the distinction binges on the alow develop- 
ment and irregular degree of pyuria, which is usually preceded 
by slight hiemiiluria in calculus. The general nutrition is better 
preserved that) in tuberculosis. The pain ou mictnritian is re- 
lieved nt the close in tuberculosis, while in stone it is increased. 
Aiisence of temperature and constitutional symptoms charac- 
terize the progress of calculous disease, while they are [irominent 
in tuberculosis. 

Renal Ganceb. 

Primary cancer of the kidney may appear in the form of 
carcinoma, aarcoma, and rarely as lyni pi i adenoma. Sarcoma is 
most frequently met with in childhood, while carcinoma is mostly 
met with after 40 years of age, the cncephaloid being the most 
frequent variety of tbe latter, thouglt occasionally the melanotic 
growtli is met with. Primary cancer usually attacks but one 
kidney ; only exceptionally is it bilateral. Of ^9 canes collected 
by Ebatein, 31 involved tbe right kidney, 23 the left, and 5 both 
kidneys, Encepbaloid cancer of the kidney sometimes attains 
an enormous size, — H to 56 pounds. 

Renal cancer is more frequent in males than in femnles. 
Though slow of development, often remaining quiescent for 
years, when once it Las l>egun it rapidly progresses toward a 
fatal termination, — usually within a year or two. The disease 
begins in the fibrous stroma of the cortex or in the tubular epi- 
thelium i sometimes, however, primary invasion begins in tbe 
lymphatics about tbe bilum. Wherever the primary lesion be- 
gins, the whole organ eventually becomes infiltrated. There is 
usually appreciable tumor after the diaease becomes thorongly 
established. 

The Urine. — Tliemost prominent feature of the nrine in cancer 
is hematuria. In carcinoma this is especially pronounced, often 
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recurring arul ri'C(|uent]y uticontroUitlilc. In tlio oilier riirine of 
uaiicer Utematiiria may sotniitinies be absent thi'ougliout. Hffiinit- 
turin is vnriiible, oecuri'ing aomeLiines eiirly,Aiid siibsidiiig aa the 
(iiacase progre88e§, when itniny disappeitran*! not return. Again, 
tlie disease mny becuiue Advanced before blood niipears in tbe 
nrine. As a rule, when pnlpnble tiimur ia present 11161*6 is 
liipmntnria. TLe heemiituria is somewliiit elinnicleiistic in its 
irregiilnr iutennlttency, npiienring; and distt]ii>earing at intervals 
witliont apparent cause ; wliilo often prol^iee, it is yet rarely ao 
ex(>easivea8 to rapidly prodnce aniemia or exhaustion. Albumin 
is usu:dly present in the urine in small quantity ; always present 
if there be blood. The i|Uiiiitity of uviiie ia usually increased 
unless the ureters become blocked by blooil-clota. Pus is present 
but in small quiinlity, save in advanced cases, attended by 
decided destructive clianges in the kidney; and even then the 
quantity of pus ia remarkably small in amount, considering the 
extent of necrotic chiinges in progress. 

In carcinoma the urine frequently contains acetone, even 
before there is advanced emaciation. Frequent micturition is 
the rule, and it may l>e so pronounced as to call attention chiefly 
to lli« bladder when only tlie kidney ia involved. The presence 
of organized substiincea in the urine, such an epithelium, casts, 
etc., are of little di^nostic value in renal cancer. Cancer.cells 
Are not recoguizable in tlie urine in this disease, and those alleged 
to have been foinni were doubtless transitional epithelium, which 
ie often present in considerable quantity if malignant disease 
inv«<1e the rena! pelvis. The only signiflcant feature in this con- 
nection would Iw the discovery of particles of the morbid growth 
with distinct alveolar structure in the urine, but in malignant 
disease limited to the pnrenchynm of the kidney this is pmc- 
lically nnkii'Mvii. 

Leading Clintoal Features. — Increasing tnmor ia the almost 
invariable rule, which is to be looked for in the anterior hnnbnr 
region, between the costal arch and the crtst of the ilium. If 
Urge the tumor approaches the umbilicus, extending upward and 
downward into hypocliondrium and iliac, anrl even to the inguinal 
regions. The tumor is uanally. lobnhkled or presents obtuse mar- 
gins ; the lobulations often itoascss unequal degrees of hardness. 
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The tumor is iieurly iilways flsed. Pain occurs early, usually jier- 
sinteut in cLiirncler, though aometimeB intermittent. It is most 
severe iu the Hflecte<l kidney, but mny tie refletrted to iieiglibor- 
intf pnrlB. The cluiracter of the pain is dull aud (idling, ofleii par- 
osysmally inureaaed, but not grently nggravnted by body inove- 
nients. At first the pain is usuiilly slight or even vngu«, and 
lit times absent, becoming again severe ami prolonged. From 
dull in the beginning it may later on become lancinating, 
either spontiineoualy or evoked by preasnre, but not by move- 
ments, When tumor becomes large and presses upon the larger 
trunk-nerves, pain often extends to the eheet, across median 
line, and downwai'il to the hips and limbs, simulating scinticti. 
The pressure exerted by tumor when the latter is large often 
causes cedema of the feet and legs, ascites, and prominence 
of the sn[>erflcial abdominal veiijs. as well as constipation, 
disturbances of the stomach, and icterus. The constitutional 
symptouiB include emaciation, antemia, cachectic appearance, — 
browning or sallowing of the skin, — failure of strength and 
vitality, Ursemia is rarely, if ever, present, unless nephritis 
co-exist. Accidental or complicating features are sometimes 
added; stichae paraplegia from spinal pressure, vesical paralysis 
with retention of urine, asthmatic or laryngeal dyspnoea, and 
spasmodic cough from extension of the pathological process. 

Differenlial Fealuren. — Prom hepatic tumors cancer of tiie 
kidney dilTers as follows : The former have no intestine in front 
of them ; the dullness upon percussion is uniform throughout. 
Renal tumors lie in part behind ascending colon, which passes 
obliquely up and to the left, giving clear note of percnssjon on 
lower and inner margin. Splenic enlargement presents rigid, 
tliin borders instead of round and lolmlated ones, and, more- 
over, as a rule, Rpleniu tumor has more mobility, and deep per- 
cussion often elicits intestinal resonance through its substance. 
There is usually antecedent history of ague or intermittent 
fever, leucocythiemia, etc., in splenic enlargement. 

RiNAL Calculcb. 
Calculi may originate in the secreting structure of the kidney 
— usually in the tubules — or in the renal calyx, but their develop- 
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nieiil is moat coiiimuii nitliin tLe renal jielvLs; nitlioiigli this 
suiQetiiuea takes place in the infunUibuIn, calyces, or eveu in tbe ' 
dilated tubules, which Turin cnvities for tlieir location in the 
parenchyma of the orgjm. 

Renal cnlcniiis is usually unilateral, thungU mawy exueptioiia 
occur to this general rnlc. The calculus wheu large is usually 
single, the smaller ones being more apt to be multiple. 

Renal calculus occurs at all nges,inc]iiiliiig intrauterine liTe. 
It is, however, most common before 15 and after 60 years of 
age. In young people and oUildren calculus is most fi-equent 
among the poor, while calculus in Hdvancing life is most common 
in ireople of comfortable oircumstauces and luxuriant habits. 
As a rule, the calculi in infancy is of the ammonium-ur&te . 
variety ; that in young adults, uric acid ; that after 40 yeai 
age is nsnnlly calcium oxalate. 

The Urine. — Blood appears in the nrine in the vast majority 
of cases of renal calculus, and presents the following features: 
Heematurine not profuse, but appears in repeated jiaroxysma; 
increaised by exercise. The blood is intimately mingleii with the 
urine ; is not bright in color, but smoky-brownish or porter- 
colored. The volume of the urine is not increased in uncom- 
plieateit renal calculun, but is rather diminished. The urine is 
usnally sharply acid and of high color. The above are usually 
the early features of the disease, before pyelitis begins. After 
pyelitis is established the urine undergoes the following changes : 
Pns and mucus appear in the urine in greater or less quantities. 
More or less fre(|uency of micturition is present, and the act 
is accompanied by uneasiness, — sometimes amounting to pain. 
This iTmy be so pronounced as to lead to an impression thiit 
cystitis exists. The deposits in the urine are significant, but care ' 
should be taken to secure only primary deposits, — not those dne 
to decomiwsitiou changes. Centrifugal sedimentation of the > 
urine is the only trustworthy method of securing this. Urates 
and oxalates are often observed in the sediment, the former fVe- I 
quently in quantity. With the advent of pyelitis, more or less J 
phosphatic deposit is to be found in the urine. Epithelium in . 
greater or less quantity is found in the sediment in advanced ' 
renal calculus, most often the angular and spindle form. Ijastly, 




the appearance of small-sized concretions ill the urine often 
furnish diagnostic data of the lughest value. 

Leading Clinical Features.^Thesc consist of dull aching p&in 
biliiated deeply in the loin, usually unilateral, and often radiating 
along the ureter tonnid the testicle, down the thigh, aud some- 
timea extending as far as the fool. The pain may be sharp and 
lancinating at tiroes; intensely severe paroxysms are occaHional 
features {renal colic), lasting a few hours and then suddenly 
subsiding. The ordinary pain of renal calculus is invaiiably 
Increased by exercise, either walking or riding; it is, therefore, 
more marked in the evening than in the morning. Tenderness 
upon deep pressure anteriorly is to be found, especially if the 
calculus has excited inflammation.. Gastric disturbances are 
common, including nausea, vomiting, and perimls of more or leas 
disorder of digestion, — acidity, flatulence, etc. 

Differential Fealures. — The early stages of renal tuberculosis 
are most likely to be confounded with renal calculus. In renal 
tuberculosis there is usually tuberculous history in the family, 
and often tuberculosis may be found elsewhere in the patient, as 
in the joints and glands, and the age is usually from 20 to 40. 
Polyuria is not prominent, and renal colic is rare save late, and 
then less severe, usually not causing retraction of the testicle. 
IlRimaturia is more persistent, but not so much influenced by 
movements or exercise. The urine is cloudy from the beginning, 
of low specific gravity, depositing more pus, aud albuminuria is 
early and more pronounced. Tubercle bacilli usually are present 
in the urine, and inoculation of animals with urine deposit induces 
tuberculosis. General symptoms are prominent, such as auKroia, 
emaciation, weakness, rapid pulse, and evening temperature, with 
night-sweats. These features are, for the most part, absent in 
stone. 

Prom malignant disease the distinction rests npon the more 
decided hiematuria of the former, which often results in aniemia. 
Hemorrhage is uninfluenced by movement, and therefore it 
ooonrs at night as well as by day. 



271 



URINABV mAONOBIS. 



Renal Embolism, 

Renal embolism consists of tin impacted thrombus which li 
Tormed in some part of Hie circulatory system, — usually in t 
heart, — and is carried hy the blood-current to the kidney, ^ 
blocks one of the renal vessels. Recent endocarditis fu 
the most freiiiicnt source of rcnnl embolism. As the fibrin 
clots accumulate upon the cardiac valves, sooner or later t 
become detached in whole or in part, aud those fVom the 1 
side or the heart arc liable to be carried by the blood-curre 
into either kidney. The annlomical results of embolism I 
very constant and strikiug, and iu ft^w organs are they mot 
ofleu noticed at the autopsy than in the kidneys, though 
are not so frequently recognized during life as iu some c 
locations, notably in the lun^is or brain. 

The Urins. — Changes in the urine are very striking in reni 
embolism, although they are not wide-apre:id. Sudden and pn 
nouneed albuminuria is almost invariable. Albumin mayappe 
iu the urine in a few hours after the attack, but sometimes n 
for twenty-four hours or so alter impnction. The albuminuru tl 
marked in degree for from two to five days ; it then graditt 
diminishes and completely disappears, or leaves only mere tn 
after two, three, or four weeks. The specific gravity of the u 
is decidedly increased in the beginning, often reaching 1 
1035; it gradually lowers from day to day, and the noru 
range is reached after a few days or wcL-ks. Tiie quantity ( 
urine is decidedly diminished at first, the color is dark t 
and the reaction is sharply acid. Blood is usually present f 
the beginning in variable, but rarely excessive quantity, 
degree of pyuria is to be noted, but this is rarely pronounced. 

The urine contains casts in this lesion, often in eonsideraU 
numbers. At first they are mostly hyaline; later on epithetiii 
casts appear, as well as those with pus-corpuscles attached t 
them. After the first five to seven days the casts become I 
numerous, they are mostly hyaline, and at length they disn 
from the urine. It will be seen from the above features that t 
urinary changes begin abruptly, but that the urine progressive! 
and steadily resumes its normal characteristics, and, in 
few days to three or four weeks, all mnnifestatious of u 
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disturbance pass awuy. The block, if aseptic, remnins iii the 
kidney, but ceases to lieconie a source of renal irritation. 

Leading Clinical Features.— A previous history of endoc-arditis 
is tbe rule. The iiiipftction is followed at once by sudden piiin in 
the renal region, often aueonipanied by cbillB,nhicb latter may be 
repeated, and some irregular action of the bcart, with sense of 
prsBcordial oppression, or clogging, and frequently dyspnoea. 
Some slight elevation of temperature is usual. If the pain be 
very severe vomiting is usual, and even some degree of collapse 
(nay follow. 

U&£HtA. 

Tbe intimate toxic ebaractcr of nriemia as yet remains an 
unsolved problem, only known to ua by its results. Our knowl- 
edge of this matter, therefore, is inexact as yet, and remains lor 
the chemi CO- physiologist to unravel. In tbe light of our present 
knowledge of this subject, the only conclusions that eeem justifi- 
able are as follow: (a) All theories attempting to explain the 
cause of urteniia through tbe action of anj: single product or 
toxin must be abandoned as fallacious, as tbe toxin is un- 
doubtedly multiple, (b) The general cause of urwmia lies in tbe 
failure of tbe kidneys to excrete the urine in part or in whole, 
and that the urine or its primary elements, as retention products, 
act as direct toxins upon the organism, evoking the symptoms 
termed ursemic. (c) That the most successful attempt at isolation 
of these products of the urine to date we owe to tbe investi- 
gations of Bouchard, (See Section V, page 143,) 

Ursemia may appear as an acute and rapidly overwhelming 
toxicosis, causing coma, convulsions, and death within a few 
hours; or it may linger for weeks or for months as a milder 
form of toxic disturbance, with symptoms such as soninoleiice, 
restlessness, headaches, nausea, attacks of diarrbma, dyspntna, 
visual disorders, and general disturbance of nutritiou. 

The Urine.— This furnishes tbe key to the diagnosis of uremia 
with great uniformity. The essential feature of tbe urine in 
urfiemia is diminution of the al>soIiite amount of solids, but more 
especially of urea. The quantity of urea excreted, instead of 
being 500 grains for an average body-weight, becomes reduced 
to 200 or 100, and even less than SO grains in some cases. As a 
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rule tin; activity of the symptoms bear an inverse ratio to thrf" 
quantity of urea excreted, anii llierefoi-e, in tliose cases attended 
by extreme diminution of the excretion of urea, tbe Bymptoms 
are sure to tie pronounced and threatening so long as tbis con- 
tiuues. Tbe uric acid, chlorides, phoaphates, and sulphates of 
tbe urine also suffer marked reduction in urieniia, but, with the 
exception of nric acid, these are probably of no sptcial signifl- 
oanoe. As a rule tbe volume of tbe urine is diminished, aud the 
degree of diminution varies through all degrees up to uomplete 
suppression. The specific gravity of the urine, nolnithstanding 
the decreased volume, is also deercnsed, and sometimes markedly 
so, descending frequently to 1008 or below. Exceptions to this 
rule are noted sometimes in acute diffuse nephritis, when the 
volume of urine is reduced to a few ouuees, the ureA being still 
decreased both relatively and absolutely ; but the febrile con- 
dition accompanying tbe acute nephritis causes some increase 
in the other solids, which proportionally become excessive, sud 
thus raise the spcfiBc gravity of the urine sometimes even to 
the normal range. 

With regard to the morbid constituents of the urine in 
uriemia. albumin is the most constant filature, and is present in 
all grades, from mere traces up to 2 or 3 per cent, by actual 
weight, de|)cnding upon the nature of the associated lesion. It 
should Ih! borne in mind, however, that while albumin is usually 
present in the urine in uriemia, exceptional oases occur in which 
it is said to be nljscnt; though this is rare. Even in those cases 
of chronic interstitial nephritis characterized by absence of albu- 
min in the urine, tbe exciting cause of n urtemic attack, espe- 
cially if acute, is apt to be of sufficient congestive character to 
cause, at least, mild albuminuria. It may, therefore, be repeated 
that active uriemia is extremely rare without accompanying 
albuminuria. 

The urinary sediment in uriemia includes a very wide range of 
morbid products with no very constant associated features. We 
may have casts, epithelium, pus, blood, bacteria, together with 
crystalline or amorphous deposits of unites, phosphates, oxa- 
lates, etc. The only products that may be considered at all con- 
stant are renal casts, which are rarely — perhaps never — absent in 



nrferaia. Sometimes thoy nre extremely sparse luitl luuy be over- 
looked without due care ; uotaUy so in chronic iiiteratital lesions 
of tlie kidney, in vbich their form is often limited to the sioall, 
peifectly-clear, non -refracting vjiriety of casts, wliich are con- 
fessedly dilBcnlt to find; but fuilure to find tbem does not, with- 
out every precaution, prove their absence. With our improved 
methods caste should be found when present. The nature and 
number of renal casta will de|>end upon, and correspond to, the 
character of the renal lesion present, which need not be rejiCAted 
here. For full consideration of this subject consult Section 
VII, pape 18T. 

Corresponding Clinioal Features.— Among the milder symp- 
toms of urffimia may be mentioned dysiiepsia, fliitulence, nausea, 
occasional diarrhrea, neuralgia or headaches, vertigo, dyspncea of 
nil asthmatic ty{>c, bronchial catarrh, and various nervous dis- 
turbances, such as insomnia, restlessness, mental depression, 
numbness of certain parte of the body, drowsiness, and certain 
visual disorders. 

The more pronounced symptoms include severe headache, 
usually frontal ; vomiting, extreme nervousness, twitching of the 
muscles, drowsiness; pulse increased to 100 or over, usually hard 
and tense; temperature lowered unless some inHammatory action 
be associated; tongue coated with dry, brown fur; breath foul 
(nriemic), and often more or less profound stupor or coma, or 
convulsions, or both. 

Differential Features. — TJnrmic coma may Iw mistaken for a 
variety of conditions, notably apoplexy, epilepsy, alcoholic or 
opium narcosis. 

Uraemic coma may be known by the following features : The 
subjects are usually young or middle-aged ; previous attacks are 
unlikely ; renal lesions are present in some form ; appearance of 
the patient is pallid, sometimes cachectic; pulse increased to 
100 or over ; the pupils tend to dilate ; the reapimtions may or 
may not be hastened; breiithing is stertorous and labial; un- 
consciousness is not complete, tlie patient may be partly aroused 
by efforts; a peculiar odor of breath is present (unemic); the 
convulsions are of recurrent order, and, as a rule, albuminuria la 
present. 



278 



URINABT DIAONOBIB. 



Apojilexy is dlllTfiviitiDlod us follows: The age of the patiei 
is nearly always past inedimn life, often advanced; previoi 
attacks iiiilikc-ly ; lieredity marked ; gmnular kidney often a 
ciated ; uppearaiice of patJt:nt normal ; pulse Blow, full, 60 | 
miuate or under; pupils unequal; respirations slow, stertoro 
and deeply guitural ; insensibility complete and prorounda 
patient cannot be aroused; Leraiplegia is present. 

Epilepgy is most common under 30 years of age ; previotl| 
attacks are the rule ; the appearance of tbe patient is dualg 
purple, gradually- becoming paler; pulse sligbtlj accelerate 
small, feeble, and dicrotic; lempemture normal, or a degree ( 
so above; pupils normal; respirslions stertorous, guttural, u 
steady; unconsciousness is not complete, coma of brief duratioaj] 
great muscular relaxation present. 

Ali'oholigm is common to all adult ages ; previous attacks a 
tbe rule. Tbe features arc suQVised and bloated, the lips lividjfl 
and the expression vacant; pulse frequent, small, and feobl 
temperature slightly lowered, pupils dilated; respirations i 
deep and slow; stertor ia intermittent; breath is alcoho1io:g 
vomiting is common; the coujuuctivie are injected ; the featan 
are swollen, and the subject can usually be jMirtly aroused. 

Opium coma is most fVcquent in the young, and may I 
habitual or accidental. The features are shrunken, pallid, cya» 
notic ; espreaston is ghastly; pulse usually slow and feebl«d 
tem[)erature not increased, rather lowered; pupils oontracteda 
respiration slow, shallow, and feeble, and opium may be detecte 
in the breath. 

H jSHOaMBINUni A. 

nEcmoglobinurin constitutes a condition characterized by tbi 
escape of the blooil coloring elements by way of the urine, veil 
little, if any, of the corpuscular elements of the blood accom 
panying the pigmentary elements. From whatever genen 
source it may originate, it is primarily due to dissolution of thi 
red corpuscles of the blood, which permits the coloring matte 
to escape in solution. As an occasional phenomenon it may t 
met with in the course of certain infectious diseases, cxtensiTI 
bums, and in various forms of poisoning. In addition to this U 
occurs as an idiopathic disease of intermittent charaoter, and t 



Buch tbe following con aide rat ions are intended especially to 
apply :— 

This disease is most common in males, — tbree or four to one. 
It occurs at all ages, from 3 to 52 years, but most often between 
20 and 50. Malaria seems to be tlie most prominent historical 
feature of these patients, while cold is undoubtedly the moat 
frequent exciting cause. 

The Urine. — I'lie appearance of the urine in tbe intervals 
between the attaclis is perfectly nortnal; but with tbe attack 
its appearance becomes at once strikingly altered, apparently 
bloody. The color assumes a dark-red, port-wine, or porter 
color, and is somewhat turbid or smoky in appearance, and de- 
posits, upon standing, an abundant chocolate -I ike sediment. The 
specific gravity of tbe urine varies from 1015 to 1030, the average 
range being slightly above normal, — 1023 to 1025. The reaction 
of the urine may be acid or faintly alkaline, and the volume is 
somewhat above normal. In most cases the quantity of urea is 
increased. The urine gives a highly albuminous reaction, and 
further testing shows the presence of globulin. 

The urinary sediment is chieBy made up of amorphous gran- 
ular matter, — doubtless disorganized blood-corpuscles, — in which 
are often to be seen minute crystals of hiematin. Casts are 
nsually present, chiefly dark, granulated ones, though often, also, 
hyaline casts may lie fonnil. Many of the casts are made up of 
hsemoglobin. Calcium -oxalate crystals are usually present, and 
less frequently are uric-ncid crystals found. Blood-corpuscles 
are either absent or only a. few scattering ones are to be 
found. The urine gives the characteristic blood reaction with 
guaiacum and ozonic ether ; even the inter paroxysmal urine often 
shows the blue reaction. The spectroscopical examination of the 
urine shows the two absorption bands between Frauenhofer's D 
and £ lines cliarncleristic of oxylitemoglobin. Renal epithelium 
is often seen in the sediment. Romctimes deeply stained by the 
blood -pigment. Amorphous urates are usually present in abun- 
d.ance, especially as the attack is subsiding. The chlorides of the 
urine are usually deficient, the phosphates and sulphates in ex- 
cess, and so-called indican is not infrequently present in consider- 
able excess. 
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Prominent Clinical Features. — Tlie symptoraB of idiopathic j 
litem(^iulMnuria are diatincUy paroxysmjil, beginning witli obill, 
— sometimes continued rigors for iin liour or more,— wliicli are I 
usually due to previous exposure to cold. TLe exposure, liowever, | 
does not cause the diseuse, but merely provokes the pHroxysin, I 
is proveil by tlie fact that so long as the patient remains warm he I 
continues free from symptoms. The chill is accompanied o 
lowed by retching and often vomiting, as well as pain in tho I 
back and limbs; often with retraction of the testes. Qeneral | 
malaise succeeds with ynnning and stretching. Sometimes ten- 
derness in the renal region is to be elicited upon deep pressure. -4 
Thirst, headaclie, and drowsiness are frequent features, and tb« 
skin sometimes becomes jaundiced. In from half an hour to | 
two hours the pntient voids more or less port-win &<;olored urine, 
The urine retains this abnormal color for two or three {Htssages j 
the whole attack usually Iwing completed in twenty-four hours I 
or less time ; more rarely it may continue for several days. Tlie 1 
attack is often succeeded by griping pain in the umbilical region, 
and more or less pallor and weakness succeed the attack for a 1 
day or two. Urticaria is an occasioual aceompaniiuent of tha [ 
disease. 

The temperature is lowered during the cold stage (9G° F.)t 
but often rises above nornml when the chills subside. After the ] 
attack the patient remains apparently well for a longer or shorter | 
time, — it may be for months, — until again exposed to cold. 
Nephritis is not an infrequent result; protracted cases are char- | 
acterized by repeated paroxysms. 

Chyluria. 

This disease usually arises in consequence of some lesion of j 
the lymphatic system, whereliy the chyle is diverted from th« I 
natural cliannels into some part of the urinary ti'act. As an 
idiopathic disease chyluria baa heretofore been almost exclu- I 
eively confined to the tropics, or to those who have spent much I 
of their lives there. As such it depends upon the invas 
the blood and urinary tract by a parasite, — the Fitaria sanguinis 
hominia, — as first pointed out by Dr. Lewis, of Bengal, and 
already described and illustrated (page 208). Besides the e 
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demic form, the iliBease is occasionally met with la people who 
have Dever lived in the tropica, and, when thus occurring, it may 
be ooneidered an accidental condition, bioiiglit about by trauma- 
tisms or diseases which have CBtablishod communications between 
the lymph -channels and the urinary passages. The accidental 
form of the disease is comparatively rare ; at least nine-tenths 
of the cases met with, even in temperate climates, are the result 
of infection in the tropics of people who previously there resided 
and contracted the disease. 

The eudemic form prevails widely in the tropica, including 
especially India, China, the West Indies, — notably in Barbados, 
Trinidad, and Deroarara, — also Cuba, Bermuda, Brazil, Mauri- 
tius, the Isle of Bourbon, and South Australia. The disease 
attacks indifferently both natives and foreigners, males and 
femalea, and shows but little preferences as to age of the subject. 
The peculiar and interesting nature and habits of the parasite 
which causes this disease have already been fully described 
{p. 209). 

The Urine. — The peculiar condition of the urine in chyluria 
furnishes the key to the recognition of the disease. The appear- 
ance of the urine is c ha meter istically milky, and it so remains 
upon standing for days without settling, in consequence of the 
finely molecular division of the contained fiit, thus permitting it 
to remain in suspension. It is unusual for oil-globules of any 
size to be found in the urine in this lesion ; indeed, the emulsion 
is so complete that only minute granular matter is seen. Some- 
times, upon standing, the fat rises to the surface of the urine 
and collects in cream-like flakes. The quantity of fat found in 
the urine in chyluria varies greatly, depending largely upon the 
quantity and quality of the food taken; the urine of digestion 
(after food) is richest in fat, while that of fasting contains the 
least. 

ir the urine be shaken with ether the fat is dissolved and the 
urine assumes its normal color and appearance. In addition to 
fat, chylous urine usually contains blood in sufHcient quantity 
to impart a very noticeable pink color to the fluid. The pink 
tint is fainter than would be expected in proportion to the 
qaantity of blood actually present, the opacity caused by the 
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fat grently obecuring the coloration due to the l)lood-corpusclea. 
Upon standing, however, the contrast beeomes striking; the J 
bright sediment of precipitated blood is then plainly visible, ] 
This precipitated blood-clot becomes more pronouncedly pink I 
uixin exposure to the atmosphere, as first pointed out by Dr. I 
Vandyke Carter. 

A notable characteristic of chylous urine is its tendency to >j 
spontaneons coagulation upon standing. If the urine be at all | 
rich in fibrin, shortly after it is voided it will coagulate into i 
firm, vibrating, jelly-like mass resembling corn-starch blamt-U 
mange. Unfortunately, nometimes coagulation takes place in I 
the urinary channels, notably the bladder, and may give rise tofl 
moat distressing symptoms until it be dissolved or broken upj 
and removed. The clots which form after the urine is voidedl 
often become very firm, and long retain the form of the vessel Isl 
which the urine stood; if in bottles they may even have tobtj 
broken in order to remove the coagnlum. The coagulation of 1 
chylous urine depends directly upon the fact of the almost COD-/ 
stant presence of fibrin in the urine, although the quantity I 
varies considerably. At times it is insuflicient to causi 
lation. The quantity of fibrin present is usually in inverse rath 
to the amount of contained molecular fat. 

The uniform presence of albumin in the urine is attested by I 
the constant coagulation of the urine by heat or other albumin 1 
precipitants. Corpuscular elements are sometimes present in thfti 
urine, besides red blood-cells resembling lymph-cells, as well Wi J 
large oval and rounded cells which microscopically and chemically J 
evince the characteristics of epithelium. The urine is usu&Uyl 
devoid of rennl casts unless nephritis be excited by the disease};! 
and since the urine always contains fibrin, this would indicated 
that the lesions are not situated in the kidneys, but rather in thsfl 
conducting channels oT the urine. Filaria are sometimes found f 
in the urine, especially of the tropical form of the disease, if I 
sought fur in the niglit urine. In urine excreted during the day J 
they are rarely to be found, owing to the fact that the parasital 
is quiescent during the day. Pus-cells are more or less numerous J 
to the seduuent. 

The solids of the urine suffer some reduction owing to t 
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drain upon tbe elements wliicli go to furnish nutrition. Tiic 
specEfic gravity is lowered to a moderate, rarely to an extreme 
degree, — 1016 to 1010. Tbe urea, cLlorUles, and sulphates are 
usually deficient, especinlly the two former, while the phosphates 
are often uoiisiderably increased. It is common to find a. con- 
eider.ihle deposit of uric-aeid crystals in the freshly -voided urine 
upon cooling. 

Leading Clinical Features. — The clinical symptoms are rather 
negative; dropsy, uriemia, and frequent micturition being absent. 
There is usually an indefinite dragging pnin in the back and 
loins, especially preceding the attacks. Anieinia becomes more 
or less marked according to the extent and continuance of tbe 
drain. Loss of strength and depression are prominent features 
during the escape of ohyle ; these, however, are nt once relieved 
if this cense. Tuberculosis often becomes a complicating feature 
of very chronic cases. The disease pursues an intermittent 
course, — especially so the tropical endemic, — due to successive 
ruptures of lymphatics ; the accidental form is more uniform in 
its course. The duration of the disease is indefinite, but always 
chronic, lasting from ten to forty-seven years. 

Diabetes iNsiriDDs. 

This disease has Iieen variously designated under the terms 
diureKin, polyuria, poly dipnia, and hydrnria. Little or nothing 
definite is known as to the pathology of the disease ; it is not 
improbable that it is caused by a numl>cr of different morbid con- 
ditions. The disease is much more frequent in males than in 
females. It may appear at any age, but in the majority of cases 
the disease appears between 5 and 30 years of age. From the 
number of alleged causes of the disease by various authors, it ia 
very evident that nothing definite ia known of the etiology, save 
in those cases that can be distinctly traced to traumatisms, intra- 
cranial growths, or other lesions of the nervous system. 

The Urine. — The chief features of the urine are: enormous 
increase of volume, lowered specific gravity, and absence of both 
sugar and albumin. The daily volume of urine not infrequently 
reaches from 15 to 40 pints. The urine is pale in color, almost, 
in fact, watery in appearance, and the specific gravity ranges 
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from 1002 or 1003 to 10(l7. The rcjiotion is feeljly acid or 
neutral. Upon standing, tbc urine soon becomes ainmoniac»l 
and turbid from precipitation of cartliy pbosphntes, and givea a 
rather offensive, flsh-likc odor. Tlie urea, while pro|)ortionately 
reduced, is, in fact, absolutely increased considerably above the 
normal range. Uric acid is apparently greatly deficient, and 
it is even claimed lo be often absent. The increase of nrea and 
deficiency of uric acid favor the presumption that the latter 
undergoes conversion into the former. The chlorides, pboa- 
phates, and sulphates are more or less increased, more especially 
the phosphates, which sometimes become greatly excessive. Al- 
bumin is nsiinlly absent from the urine, although in protracted 
cases it is often present in small quantities. Inosite is ^quently 
present in the urine, as Strauss claims, merely as the result of 
irrigation of the tissues, since he succeeded in producing tbe 
same condition, es peri men tally, npon subjects by administering 
copious draughts of water. 

Prominent Clinical Features. — The most prominent symptoms 
of this disease are as follow: Inordinate, constantly-recurring 
thirst, which is only briefly quencbe<l by copious draughts of 
water. Less constantly the appetite is increased. These patients 
are sensitive to cold and are easily chilled, tbe tempeiTitiire being 
somewhat lowered. The tongue is dry, and more or less dis- 
comfort is experienced in the stomach ; pain and diarrhwa are 
often present. The skin is dry, pinched, and dusky. The patient 
becomes spare and weak, though, exceptionally, fair strength and 
health is maintained for years. In late stages of the disease, 
tedeina of the lower extremities sometimes appears. 

Diabetes Mellitl's. 
Saccharine diabetes constitutes a perverted state of the clalh 
orative functions in which certain elements which go to make 
up nutrition — notably starches and sugars — fail to reach their 
norma] destinations in the economy. The symptoms evoked are 
partly due to lack of nutrition and partly to the damaging elTects 
of the waste products (chiefly sugar) upon the tissues. The direct 
cause of the disease is an im])aired functional capacity of the 
liver in its glycogenic relations. This may, however, be induced 
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through impaired nervous iiifluouces, nhicli may be cenlrul or 
reflected. lu addition, some complemeDtal relationship exists 
Ijetween the functions of the liver and [Mincreas, which often 
permits lesions of the latter organ to evolie the phenomeoa of 
diabetes mellitus. The precise nature of this relationship is 
unknown. 

Something over 30 per cent, of the caRes can be traced heredi- 
tarily. The disease is notably frequent among Hebrews. It 
attacks males twice more frequently than females. It occurs 
most often between the ages of 25 to 65, and is infrequent at the 
two extremes of life. In young people under 30 years of 
age the disease is almost uniformly progressive toward a fatal 
issue in from a few months to four or Ave years. If the disease 
do not appear until lietwcen 40 and 50 years of age, it is often 
more amenable to treatment ; after 50 it may usually be held in 
control by proper management. The disease is more severe 
in spare than in stout subjects, at all ages. In the young death 
is moat frequent from dia luetic' coma, while in those advanced in 
life the end is often reached through cardiac degeneration, gan- 
grene, or exhaustion. 

The Urine. — Tlie physical characters of the urine are character- 
istically altered in typical saccharine diabetes. The urine is light 
in color and of a greenish, rather than yellowish, tint. It remains 
perfectly transparent and froths much if poured from one vessel 
into another. The specific gravity is markedly increased, rang- 
ing from 1030 to 1045, or even higher. The reaction is sharply 
acid, and it long remains so upon standing. The quantity of 
urine is greatly increased, the increase being usually in direct 
ratio to the quantity of contained sugar. From 6 to 12 pints 
of urine are otten voided in twentj'-four hours, but in severe 
cases 25 to 40 pints are sometimes excreted. 

The most characteristic feature of the urine is the presence 
of sugar, which forms the index to tlie disease. The quantity 
of sugar varies from 1 to 8 per cent,, averaging perhaps 4 or 6 
per cent. One and a half to two pounds of sugar per day consti- 
tute the highest range of sugar excreted in the more extreme 
ca^es, while half a potuid is not uncommonly excreted in ordi- 
nary cases. The quantity of urea is markedly increased. A 
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marked decrease in tlie quantity of urea may be uonsidered as 
an unfavoruble indication. Tbc uric acid is usually deficient, 
oFlen reai'liiiig but b.iif tbe normal amount or even less. Not- 
withstanding the above fact, uric-acid crystala are frequently 
deposited from frcalily-voided diabetic urine; tbo deficiency of 
coloring matters and diHpi'<i[>i)rtion of salines permitting it to 
fall out of solution. TLe sulpbates of the urine are not materi- 
ally altered in quantity, probably because of the large amount 
of animal food usuully eaten in these cases. Tbe gross chlo* 
rides, like the sulphalcs, remain essentially unaltered in quantity, 
tbough often varying considerably from day to day. The phos- 
phates vary greatly according to the quantity and quality of 
food taken, but, on the whole, the tendency is toward increase. 

The urine often contains, in the advanced stages, acetone or 
an acetone-yielding substance. Diacetone is occasionally pres- 
ent in the urine, but only in serious cases, and it is usually the 
index of approaching diabetic coma. Albumin is often present 
in small quantity in elirouic cases. It may be due to co-existing 
nephritis, but more often to disturbance of the renal circulation, 
impaired nutrition of the renal epithelium, or degeneration of 
the pnrenchj-ma of tbe kidneys. 

Prominent Clinical Features. — The most prominent symptoms 
are: thirst, imlyuria, lowered temperature, hunger, weakness, 
emaciation, and nervous disorders. The thirst is constant, and 
seemingly unquenchable in character. Although the amount of 
water consumed is sometimes enormous, tbe mouth and throat 
remain dry and iwrched. The np[)etite is always increased, at 
Grst sometimes inordinate, and but little appeased by food. As 
a result the stomach sooner or later Iweomes disordered under 
tbe strain of constaut overloading, so that in late stages of the 
disease the appetite fails, and dyspepsia follows. Constipation 
and attacks of diarrhii'ji arc common. The mouth, tongue, and 
fauces become intensely red and congested; the gums become 
tender and shrunken so that the teeth sometimes loosen. The 
temperature is lowered, — 96° to 97° F. being common, but even 
a temperature of 93° F. has been observed. Chilly sensations are 
frequent; so that these patients instinctively seek the Are and 
require extra clothing. Colds are excited upon slight exposures. 



Periods of somnolence are common, and various i 
festations appear, us neuralgia, cutaneous bypersestbesia, sensa- 
tiona of abnormal heat of skin, sudden spells of perspiration. 
Tbese patients become irritable, fretful, uneasy, vasclllatiiig, and 
the mind deteriorates somewhat. The sexual power declines 
or is completely lost. The sliiu is dry, harsh, unperspirable, 
wrinlded, iind loose, causing an early aged appearance. Emaci- 
ation progresses sometimes with rapidity ; the muscles feel weak 
and tired, so that movements become laborious and exhausting^ — 
these patients do not care to exercise. The pronounced and per- 
sistent polyuria produces iVe'^nent micturition, which harasses 
the patient both day and night. Tuberculosis sometimes sets in 
in the late stages of the disease, often, however, preceded by 
bronchitis or localized pneumonia. Qangrene of the extremities 
is common in aged subjects. Cardiac enlargement, high-tension 
pulse, and degenerative changes of tlie heart often supervene in 
long-standing cases. 

Finally, gastric pain, dyspniea, and more or less drowsiness 
announce the approach of diabetic coma, which quickly termi- 
nates life. 

TJaiNART Fever. 

Various names have been applied to this disease, snch as 
urethral fever, catheter fever, urinary fever, shock, urinary 
potsomng, uramic poinoning, urinary infection, — names which 
suggest the various and conflicting views held both of the 
etiology and pathology of this condition, which, indeed, still 
remain unbarmonized. 

The term " urinary fever " was first employed by Guyon to 
denote the febrile disturbance and accompanying phenomena set 
up by instrumentation of the urethra or bladder, or by opera- 
tions upon the urinary organs, or by impressions ujion the 
urethra or bladder liy other moans, The morbid phenomena 
evoked by instrumentation of the urethra and bladder may 
become so wide-spread as to include septic inflammations of the 
renat pelvis, the kidney itself, and even pyiemia ; or it may bring 
about acute uremia, with its attendant consequences, oflen tei^ 
minating in death. In most of these conditions some previous 
disease existed eitber in the kidneys, bladder, or urethra, and 



the in stru mentation merely serYed to convert a chronic dlseaBe 
into KU acute and often highly -dun ge roue condition. Much of 
the confusion in the post, and, to some extent, Htill existing, in 
reference to the pathology of urinary fever, has arisen fVoin the 
mistake of describing the various inflammatory and septic proc- 
esses set up in abnormal urinary organs by instrnmentation, and 
attempting to harmonize these with the temporary fever induced 
by instrumentation of the urethra and bladder. We may, for 
instance, have all the conditions present which tend toward the 
development of septic nephritis, such as obstructive cystitis or 
ascending pyelitis. The use of the catheter under such circum- 
stances, especially in elderly men, is very apt to at once evoke 
acute (septic) interstitial nephritis, resulting in death. While 
the exciting cause in such case was instrumentation, pathological 
conditions pre-existed, and the instrumentation merely served to 
convert a chronic into an acute septic disease. 

By urinary fever, as here considered, is meant the elevation 
of temi>crature and accompanying symptoms evoked by the 
jMissage of a sounil or catheter, by operations or other imprea- 
sions made ui>on the lower urinary tract, Me kidneys and urinary 
orijans being free from disease. 

The passage of a catheter into a healthy urethra, when the 
bladder and kidneys are perfectly healthy, may evoke symptoms 
and results of all grades, from a mere transient faintneea, recov- 
ered from in a few minutes, to violent chill, elevated tempera- 
ture (103° to 105° F.), suppression of urine, convulsions, and 
even death in from six to forty-eight hours. Morris has es- 
j>ecially pointed out that the nervous connections with the genito- 
urinary tract are so peculiarly constitute<i that, if a local irrita- 
tion be at all pronounced, conditions are favorable for the moat 
wide-epread nervous storm to prevail over the entire sympathetic 
and cerebro-apinal systems, involving the cardiac, pulmonary, 
and renal circulations to the extent of inducing syncope, im- 
paired respiration, acute renal congestion, convulsions, and even 
death. 

But even the slighter forms of local irritation (measured by the 
degree of instrumentation), as the gentle passage of a sound, are 
as likely to evoke an attack of urinary fever as operations upoD 
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the urinary organs of very considerable extent, such as lithotomy 
or lithotrity. 

The Urins, — The quantity oT urine is more or less dimin- 
ished iu urinary fever. The diminution is usually very decided 
and even complete suppression may occur, lasting for one to 
three days. Very decided diminution is the rule; complete 
BuppressioQ rather the exception. Iu cases of recurrent urinary 
fever unattended by suppression the volume of urine is much 
diminished during the febrile period, while during the intervals 
the volume increases considerably. The color of the urine 
is increased and often presents a bloody tint. The urine is 
smoky in appearance, the transparency being more or less di- 
minished or absent. The reaction of the urine is acid and the 
specific gravity reduced. The solids are diminished, notably 
the urea. Blood is nearly always present in marked cases, vary- 
ing from microscopical quantities to fiank hn^maturia. Albumin 
is constantly to lie found in the urine; the range, however, is 
usually moderate, — one to two grammes per litre, — although ex- 
ceptionally two or three times that amount is present, and this 
is always of grave significance. Casts may or may not be 
present. They are always associated with high grades of albu- 
minuria, and. like the latter, are of serious signiBoance. 

Prominent Clinical Features. — After passing a catheter, or 
some operative manipulation of the lower urinary tract, in from 
a few minutes to six or eight hours the patient is suddenly seized 
by a chill of various degrees of severity, from mei-ely chilly sensa- 
tions to pronounced and violent rigor, accompanied by chattering 
of the teeth and \-ibrations of tlie limbs or whole body. This 
is followed by pain in the back and limbs. The temperature 
rapidly rises from 2 to 7 degrees; headache and injection of the 
conjunctiva are present, and nausea, vomiting, and even delirium 
are common, Dyspucea and cardiac irregularity are occasionally 
to be noted. The pulse becomes rapid, hard, and tense, — vibrat- 
ing. After a time a pronounced perspiration succeeds, and with 
this the temj)erftlnre lowers and more or less relief is experi- 
enced. The pulse grows less frequent and less tense ; the tem- 
perature diminishes, but thirst continues unabated. After six 
to twelve hours the fever subsides, leaving the patient weak ; but 
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ctMivaleficeiioe, as & rule, is esbibli&hed in a day or two. 
•omc cases the patient has a recurrence of the jiaroxysiu on ti 
following (lay, or iu two or three days, and these may be I 
I>eated a numWr of times. Iu tbe alisence of definite lesioBft 1 
the attacks soon subside and the patieut regiins his normal 
condition. 

Differential Feature*. — From pyelunepbritis and supparative 
nephritis urinary fever is distinguished by tbe sudden onset of 
the Utter and the brief duration of the fever; by the history of 
the case, such as previously healthy kidneys and healthy state 
of the bladder and lower urinary tract. 

From uneoiia more difficulty is encountered in making a dis- 
tinction, since sujipresaion maj- occur fur several days and death 
result, at least in part, from tirieiiiia. In urinary Caver Sld~ 
ciently severe to cause death, it docs so more rapidly than dot 
uriemia. The absence of coma and convulsions, the retention 4 
consciousness, etc., exclude ursemia. Septicemia is distinguia 
by its slower onset, low typhoid character, and continuoua p 
gressive course without iuterniission. 

H ¥ DRO N EPUBOS IB. 

Tbe above term was first employed by Kayer to denote t 
overdistension of the kidney with urine. It is, in fact, a rean 
of mechanical obstruction to the outflow of the urine, tbe obstnM| 
tiou being located in the ureter, bladder, or urethra. This dii 
ease should be carefully distinguished from pyonephrosis^ 
condition aUo of distension of the kidney with uriue plus pnr^fl 
lent matter. It should also be distinguished fl-om large cysta o 
the kiduey tbe contents of which are fluid, but not urinoua. 

Hydronephrosis in its pathological signifiuaiice has been 
expressed by Terrier and Baudouin aa " an aeeptic dilatation ^ 
the pelvin by urine, the Jloia of which is obgtructed by i 
mechanical obnlacle.^' About 35 to 40 i)er cent, of the cases K 
congenital, the remainder being acquireil. The congenital cam 
comprise twists of the ureter upon its axis, undue obliquity o 
the ureteral opening into the bladder, reduplication, valve-lilgf 
folds of tbe ureteral mitoous tiiembrane, and imperforate urcM 
The acquired causes include cancer of the pelvic organs, uotabi 
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or the ovsriee; bjdatids aud oilier growtlis witUiii or im- 
pingiDg upon the ureters; calculus in the uruti-r; Ira uinuti sins, 
includiiig renal dislocatioDs, twists, etc. ; abdominal tumors, 
vesical growtbs iiivolviug the ureteral openings, aud obstructive 
diseases of the prostate. 

The Urine. — The quantity of urine varies according to the 
degree of ohstruction, and whether the disease be confined to one 
or both kidneys. In the milder forms of obstruction the quan- 
tity of urine varies greatly, there being periods of diminution 
followed by periods of increased flow. On the nhole, the 
volume of urine ia diminished. The urine is of low specific 
gravity, and reduced in its solid constituents, — conditions which, 
as Dickinson has pointed out, always exist with urine secreted 
against pressure. The urine sometimes contains blood, which 
is discharged with great pain (renal coHc), especially if clots be 
present. Slight albuminuria is usually present, though this is 
not invariably so. The urea is markedly reduced, both relatively 
and absolutely ; the phosphatiis are greatly reduced in most 
cases, while tlie chlorides and sulphates sulfer the least dimi- 
nution. Sedimentftlion of the urino shows excess of epithelium, 
in which the spindle-shaped and angular cells predominate. Renal 
casts, OS a rule, are absent, but a few scattering pus-corpuscles 
and blood-discs are usually present. 

Prominent Clinical Features, — Dull, aching pain ia usually 
present in the renal region, witb some increased frequency of 
micturition. Tumor is present in most cases, gradually en- 
croaching on the median line and downwaitl toward the itiao 
fossa. About one-fourth of the cases of single hydronephrosis 
extend beyond the median line, and in a considei-able number of 
these tumor occupies a very considerable area of the nbdomiual 
cavity. Sudden diminution in size of tumor, coincident with 
excretion of unusual quantity of non-purulent urine, may be 
considered diagnostic. 

Vomiting soinetiracs occurs during periods of retention, and 
sometimes a urinous odor may be observed in the perspiration at 
such times. Constipation is a frequent rcsidt of pressure upon 
the colon ; more rarely diari'hixa may be present from the same 
cause. So long us the hydronephrosis be single and the 
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reinainiug kidney be souud, tLere is absence or u 
toms. ir, however, the remaining kidney be dlses&ed or t 
hydrone|>brosi§ hv bilattrnl, Buppreaaion of nrine and ure 
Hro liuble to resull at any lime and prove TataL 

Differential Features. — Hydrouephrasia is to be distin- 
guished from other abdominal tuniura by the prestui-e of ure* 
and uric Hcid in the fluid willidrown by aspiration, and by the 
abrupt diminution in the size of the tumor coincident with 
copious discharge of urine. Hydronephrosis may be confounded 
with renal cancer or cyBtic degeneration of the kidney. In 
hydronephrosis the tumor is evenly and distinctly fluctuant, no 
dulhieSB on percussion being obaerrable throughout its extent. 
The tumor, furthermore, does not conform to the shape of the 
kidney ; it is usually unattended by dropsj', hematuria, or 
cachexia. In cystic dise&se the tumor is bilateral, nou-fluctuant, 
preserves the form of the kidney, is painless, sometimes attended 
by dropsy, ne.irly always associated with htematuria, nnd the 
tumor does not rapidly change iu size. 

lu cancer the tumor is unilateral, non-fluctuant, irregular in 
form, rapid iu growth, attended by severe ]>aiu ; copious, recnr- 
rent, and persistent hematuria occurs, and in late stages pro- 
nounced cachexia is present. 

PVONEPIIHOSIS. 

Pyonephrosis is a dilatiition of the renal pelvis and ealices of 
the kidney with purulent urine, or, in other words, it is hydro- 
nephrosis with suppurative inflammation added. In marked 
cases the suppurative process extends beyond the ealices and 
results in compression, atrophy, and destruction of the juiren- 
chyma of the kidney. The causes are the same as those of 
hydronephrosis plus suppurative inflammatioD. 

The Urin«. — Pus is always present if the obstruction be in- 
complete. If complete at times, and not at others, pus will 
appear intermittently in the urine if the disease be unilateral. 
The quantity of urine voided will depend upon the degree of 
pressure exerted. If the ureter be blocked, as often occurs for 
some periods of time, the urine will be greatly diminished in 
volume during the period of obstruction. If only partly oc- 
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eluded, the quantity of urine, aa well as that of pus, will vary 
even during twenty-four hours. If the obstruction 1w tem- 
porarily relieved, large quantities of urine are voided wliicli 
contains blood and pus, wbile during the period of ucelusion tlic 
urine is clear and normal in appeai'ance, uuless the disease be 
bilateral. 

In the early stages of this lesion the urine contains blood 
(sometimes only in microscopical quantity), more or less mucus, 
and epithelium and pus. The urine is usually acid in reaction, 
of low specific gravity, and contains albumin, ns a rule cor- 
responding with the quantity of blood and pus in the urine. As 
the disease advances, pyuria becomes more pronounced. The 
urine is still acid, unless in very Advanced cases, when saccula- 
tion of the kidney occurs, in which case it may become ammo- 
niacal. In all stages the urine is of lowered epecilic gravity, 
the solids more or less decreased, and micturition is somewhat 
more frequent than normal. 

Prominent Clinical Features. — The prominent symptoms of 
pyonephrosis cum|)rise pyuria nitb constitutional symptoms, such 
as rigors, evening temperature, emaciation, ani^mia, proatrntion, 
and, in advanced cases, hectic. If tumor form, it may be elastic 
and fluctuant or hani, and extend Iroth forward and downward. 
I'ain is present, varying with the size of the tumor and degree 
of fluctuation. It often api^ears in paroxysms of intensity, — 
renal colic. Pressure over the anterior of the tumor greatly 
increases the pain, or develops it, if not before present. On the 
other hand, lateral pressure may relieve the pain when present. 
The bowels are usually disturbed, constijtation or diarrhica being 
frequent. When the ureter Ijecomea suddenly and completely 
blocked, sharp constitutional symptoms often follow, such as 
chill followed by rise of temperature, which may reach 103° to 
105" F. ; profuse perspirations, rapid pulse, quickened respira- 
tions, and sharp pain in the affected side. These symptoms 
usually continue for some time, and are suddenly relieved by 
a copious flow of urine, which bad previously been greatly 
reduced in quantity. 
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TUie diseusG lius been descrilied nnder sevrral nmneB, Tfz>fl 
" gupjiuratii-e nephriliii" "acute interstitial neplirilia," "jyelt^ 
nepkrilis,^^ and " sari/icat kidney." It is, in fact, an ftout« inber«>fl 
stitinl nephritis with numerous points of suppuration in thw 
kidney, varying in size from mere dota to large abecesses, whiclb 
may occupy almost the entire organ, It is seldom observed i 
a primary disease; by dr tlie greater number of cases are a 
oixlary and consequent to urethral stricture, prostatic enlarge 
men t, large vesical c.itculi, atony of the bladder, infectious e 
bo1i, or traumatisms. It sometimes complicates typhus, typhoidJ 
fever, diphtheria, carbuncles, pyiemia, cholera, and like infeos 
tioufi diseases. Obstructive diseases of the urinary conductingr 
otiannels, with decomposing urine from retention, are stronf 
predisposing as well as exciting causes. Under such coodittoni^ 
careless instrumeutation of the urethra and bladder are exceec 
ingly prone to induce acute inti^rntitial nephritis ; hence the vaai 
applied term " nurgicat kidnty.' 

The Urine. — This is always cloudy, of pale, dirty-yellow; 
color, and of peculiarly foul odor. The specific gravity is r 
duccd, — 1016 to 1006, — and the quantity of untie is redncedl 
The reaction may be acid, neutral, or alkaline. If acid, the di»>| 
ease is likely to be limited to the kidney ; but if alkaline, pyelitis 
and perhaps cystitis also exist. Whatever be the chemical i 
action of the urine when voided, upon standing it rapidly under 
goes ammoniacal decomposition. The normal constituents otM 
the urine are reduced in quantity, notably the urea. Albumin laj 
always present in the urine, though in variable quantity, the! 
amount always exceeding that due to the contained pus anj, 

The urinary sediment is always abundant, and consists, foi^ 
the most part, of pus, blood, bacteria, organic debris, epithelium^ 
and usually casts. The presence of pus is an essential featari 
of the disease; it is always present and may be very copious iafl 
quantity. 

The microBco|>e reveals the presence of micro-orgauis 
abundance, and sometimes finely-fonned casts of l>act«ria are to J 
be seen. A sudden imd marked increase in the quantity ( 
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pus in the uriiiu, esjiecinlly if coDtuinlng recognizable rt^miiants 
of glomeruli or urinary tubules, denotes the fonnation of renal 

Prominent Clinical Features.— The commencement is msrked 
lij' proiiouncfd rigoi' or a succession of eliiils followed by rise of 
temperature, whicli in the evening may reacli 103^ to 105° F., 
while the morning temperature may be below 100^ F. Weak- 
nees, drowsiness, flatiilunce, and seiisf of abdominal fullness 
fullow. Hnpid emaciation, pinched feiitiircs, and dull, leaden, or 
sallow appearance suoceed. In Hie evening the skin becomes 
hot and great thirst is present. I'rofnse perspiration is common ; 
the tongue may remain comiwratively clean, but more often it 
becomes dry and coated with a browniah-white fur. Nausea is 
frequent, and vomiting occasionally follows. Renal pain and 
tenderness are usually absent, but considerable pain is present in 
the limbs and along the spine. In unfavorable cases the symp- 
toms continue until exhaustion succeeds or renal suppuration 
becomes established, either of which usually terminates life within 
a few days. 

Cheonic Pvklitib. 

The more acute forma of pyelitis are included in pyonephrosis 
and acute interstitial nephritis, just considered. The general 
causes include the acute infectious diseases, such as typhoid, 
diphtheria, pyiemia, cholera, puerperal septicaemia, and such dis- 
eases as carbuncle. 

In addition to these we have chronic pyelitis of a more cir- 
cumscribed character, which may resnit from an acnte attack, or 
it may be induced by less active causes, being essentially chronic 
in nature from the beginning. Chronic pyelitis is rarely a pri- 
mary disease, but is usually associated with other renal lesions 
or vesical diseases, especially septic InflammationB of the lower 
uiinary tract. 

Of the local causes grave! constitutes the most frequent 
source, which may act either by direct irritation or through 
obstruction. Tuberculosis is a frequent local cause, notably the 
form of slowly^developing cheesy nodules which set up inflam- 
matory changes both in the pelvic mucous membrane and neigh- 
twring tissues. 
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TUl' various ubfelruttive diseases of iLe lower uriimry chnnnel^ 
are fl-etiiient causes of iuftammatioii of Ihe mucous lueinbniiie 
the renal [lelvis. Tliese iiielutie urethral stricture, enlarged proi 
tate, large vesical calculi, atony of the bladder, etc. Th« i 
tained urine in such cases is extrcimely girone to lie contaminate 
witli pyogenic germs introduced from without. These organiam 
upon introduction, rapidly multiply and sprea<l, causing changi 
both in the urine and mucous structuies, including that of t 
renal pelvis. These micrOMjrganisnis are, for the most part 
mir^rococci, but rod-like forms or bacilli may also be preseati 
both in the urine and mucosa of the renal pelvis. 

Pyelitis should not be confounded with suppurating nepbi 
tia. This is a common error, duo, perhaps, to the fact that thq 
are often, though by no means always, a»BOcinled ; but unoomplb 
cated pyelitis is unatteuded by the usual gunertil symptor 
septic absoqjtion which arc present in suppuratiug inflammatiol 
of the kidney. 

The Urine. — The renal irritation consequent to pyelitis fd 
duces polyuria; so that the volume of urine is augmented I 
this lesion. The color of the urine is pale straw-colored, i 
scribed as " whey fiirfrtd," and sometimes tends toward a greenia 
tint. The speciHc grtkvity is rednced and the chemical reaction U 
usually faintly acid. Pus is present in varying quantity, fa 
always the most prominent ft^ature of the sediment (Fig. 48)3 
Tl»! solids are relatively reduced owing to the polyuria, bat tH 
absolute solids suffer no material changes in amount. Albi 
tninuria is a constant feature of pyelitis, the quantity of albumin 
exco^ing that de[>ending upon the contained pus. The scdimeu^ 
is flocculent, of considerable volume, of greenish-yellow tint, nol 
BO viscid or sticky as in cystitis, and, as already stated, 
chiefly composed of pus. The pus-corpuscles often exhibit tootil 
like margins, notably so in chronic cases. They often 1 
pressed together in the papillary ducts and form masses c 
round, oval, or long plugs, which are considered characleristid 
of pyelitis. Epithelium is present only in small quantities 
This iesion cannot bo diagnosticated by the pro-ience of spindW 
sha|>e<l epithelium in the urine alone, as has l^ecn frequentl; 
asserted. In truth, much of the epithelium lost by the muooi 
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of the renal pelvis lireaks down into piis-oells and graiiulftr 
matter, Blood-coipuscles nre rnrely preBeut, save wheu tlie pye- 
litis ia due to calculus, tubenrulosis, growths, or entozoa. If, as 
is usually the case, tlie pyelitis be unilateiiil, the urine sometitucii 
presents one or two anomalous features in reference to its chemi- 
cal reaction. Tims, the urine may be putrescent and offensive from 
decomposition, and yet remain acid. Again, it is not uncommon 
to meet with triple- phosphate crystids in the urine which gives 
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a distinctly acid reaction. These features linve been explained by 
tlie fact that the urine from the sound kidney overcomes the 
alkalinity of the urine from the diseased kidney as tliey mingle 
together in the bladder, and it ia thus voided before it has had 
aufllcient time to become ammoniacal. The triple-phosphate 
crystals met with in the urine under such circumsUnces often 
show evidences of their existence in acid urine in their super- 
ficial solution, their sharp angles being rounded. The urine in 
pyelitis ia peculiarly offensive, — not merely ammoniacal, but 
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mtber also aiiggeative of Buli)liiiretti.'d Lyilrogpn, — wbile in cy»- 
titia tliG odor is almost purely am mouiticnl. Once experienced, I 
the odor of tbe urine in pyelitis may afterward be recognized tmM 
c lift i-act eristic when present. This property of the urine, how-tT 
ever, varies from time to time, and may even be temporaril/l 
absent if tbe ureter of the atfected side become blocked. 

Prominent Clinical Features.— These comprise aching, dra^l 
ging pains, central in the luml»tr region, but often radiatinj 
along the courae of the ureter toward the bladder. The i 
is not usually severe, is nlwiiys increased by deep pressure bjM 
the linger-tips, and it may be absent at limited, but considerable^! 
periods of time, and it is increased by exercise. Kenal colic ii 
apt to form a feature of the history of this lesion, but especially fl 
BO when the cause is connected with stone, hydatids, tuberoalaal 
sis, or cancer. Micturition is more frequent than normal, but iti 
is rarely attended by pain, being rather of reflex character.^ 
Occasionally, when the ureter becomes blocked and retention of f 
urine occurs in the aftected organ, elevation of temper&tuna 
occurs with the nsual febrile symptoms. The fever is nocturnal, j 
usually of mild grade, and often accompanied by cutaneous! 
eruptions not unlike rtitbeln. 

Movable Kidney. 

The subject of misplacements of the kidney embraces threttJ 
conditions of the organs: 1. Simple misplacements of the tidney. J 
2. Mavable kidney. 3. Floating kidney. 

Simple misplacement of the kidney is met with either a 
congenital oraoiiuired condition. Of the congenital order, the J 
horseshoe kidney is most common ; the next most frequent d(»1-I 
genital malposition is alrave the sacro-iliac synchondrosia. ThftI 
suprarenal bodies are often found oongenitally misplaced, esp»l 
cially when the kidneys are higher than normal, Congenitat'J 
misplacement is most often unilateral, and moEit often involves-f 
tbe left kidney. Simple acquired misplacement may be broughfc^i 
about by pressure of adjacent organs, such as enlargement <rf 1 
the spleen or liver, or from pressure of large morbid growths. 1 
Tight lacing has been alleged as a frequent cause of downward! 
displacement of the kidney, but this is now considered i 
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exceptional cause. Botb itciiuired antl congenitally miBplace^l 
kidney mny be miBtitken foi' new grotvlhs. Ae a. rule, mmplaced 
kidney, if uuattendeil by mobility, givea rise to do apeciftl aymp- 
toms, and is only obeerved at the autopey. It therefore deserres 
no extended study by the cliuidan. 

Movable kidney A\StT% Uoxa Jtaating kidney v,\ that the forniei- 
b'es loosely between the peritoneum iu front and the muscular 
wall of the abdomen behind, while the Hoaling kidney is in- 
closed in peritoneum, which forms a " mi-nonejihron." The float- 
ing kidney, therefore, Qoats vritbin the abdominal cavity, as do 
the intesliues. Movable kidney, an :i rule, is actpiired, while 
floating kidney is always congenital. Movable kidney is most 
common in females. The right kidney is about twelve times 
more frequently movable than the left, which is probably due to 
the weight and unyielding nature of tbe liver, the greater length 
of the right lenal vessels, and the less firm attachments to the 
colon on the right, together with the greater right tension and 
strain in right-handed people. Movable kidney is bilateral 
nbout once in every twenty cases. It is most frequent from 
30 to 40 years of age, a large proportion of the cases occurring _ 
in women who have rapidly borne children. 

Absorption of tUe fatty elements of the renal capsule is now 
regarded as the most common predisposing cause of movable 
kidney, and this is borne out by the remarkable frequency of its 
occurrence in spare subjects. Laatlj', movable kidney is often 
the result of dislocation from falls or blows. 

The Urine. — It has l>een denied by many niitliora that movable 
kidney prodnees any effect on the character of the urine. Those 
who have seen much of such cases, however, will scarcely have 
failed to observe freqnent urinary disturbances, which form an 
important, almost essential, part of the patbo[<^y of this con- 
dition. Tlie urine is often seanty, high colored, and usually 
deposits more or less sediment ; nt other times it is more copious 
than normal. Hiematuria is not unfrequent in movable kidney. 
The twists of the ureter attendant upon renal mobility neces- 
sarily entail more or less interference with the circulation. The 
duration and degree of this interference determine the degree of 
suppression, the discharge of blood, presence of albumin, epi- 



tlieliiil denudation, «nd pyelitis. Supprcseion of urine usually 
occui's only nt §hort periods, liectiuse the looaeniiig or the renal 
capsuie fi'om t)ie [rasterior alxloiniiial wall permits the renal pelvis 
and part or the ureter to also separate from tlie alidominal wall 
amt follow the renal niovenienta. Thus, the obstacle to the 
esca])e of urine is more easily overcome by pressure of retained 
urine within the renal pelvis. 

Diminished excretion (26 to 30 ounces) and short perio<ls of 
suppression, followeKl by short periods of oopious flow of pale- 
colored urine of low speciflo gravity, are common features of this 
condition, though these are not bo marked as in pyonephrosis. 
During periods of suppression mild unemic symptoms have 
been noted; these are rarely pronounced, because the flow is 
Hoon restored. The urine very often contains a small amount of 
albumin, owiny to the cirfulatory disturbances in the kidney. 

Prominent Clinical Features. — The ehief cliniiial symptoms of 
movable kidney are: sensntions of dragging weight iu the side; oc- 
casional sense of movL-raent ; severe paroxysms of i)ain, like renal 
colic ; pain of a dull, aching character; neuralgic pains in trunk- 
nerves of the affected side. Nausea and vomiting are often pres- 
ent, and may 1:>e severe. Intestinal disturbances are common, 
such asdinrrhcca or constipation. Loss of appetite, weakness, de- 
bility, flatulence, em.iciation, and depression are frequent features 
observable. Nearly nil the symptoms are increased by move- 
ment or standing, while they are relieved by rest and quietude. 
Menatniation and pregnancy usually aggravate the symptoms. 
Manipulation of tumor causes peculiar sinking or fainting sen- 
sations, often attended by nausea, The tumor possesses more or 
less mobihty. 

Differential Features. — Limited contractions of the recti, 
transversal! s, or abdominal oblique muscles sometimes give 
impressions of smooth, oval tumors, which may even disappear 
on pressure, not unlike movable kidney. Aniesthesia and strong 
percussion over tumor will usually distinguish the true con- 
dition. 

A tumor of the liver, or distended gall-bladder, or a liver 
deformed from tight lacing, or au hypertrophied liver may give 
rise to similar percussion-sounds, as well as similar gastric die- 
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orders, ami vague nbctominal eensatioDB and pniii not unlike 
movable right kidney. Distinction is most diEIicult, but mny be 
accomplisLed by |ml|mtion, urinary uhftnges or tbeir absence, 
etiological elements, and by resulta of treatment. Percussion 
cannot be depended on iu these cases alone ; if the tumor can be 
com]>lete1y separated from the liver by palpation, it goes far 
toward establishing movable right kidney. 

Movable spleen is distinguisbed from movnble kidney by the 
former lying immediately beneath the abdominal nail through- 
out all movements, while a kidney when puflbed upward retreats 
from the abdominal wall beneath the intestines. The peroussion- 
note over the spleen is, therefore, always dnll, while over the 
kidney it is dull tympanitic or tympanitic. 

The distiiietion between uterine or ovarian tumor and mova- 
ble kidney is determined chiefly by the direction of mobility. If 
mobility can be made to extend to lumbar region without pain, 
tumor of the uterus or ovaries may be excluded. On the other 
baud, movable kidney must not be excluded by mobility towai-d 
the pelvis, as siich tumor m:iy exceptionally be renal. If the 
renal artery can be grasped and pulsations felt, the diagnosis be- 
comes clear. Capability of replacement of kidney with disap- 
pearance of tumor renders renal source of tumor certain. 

CrsTiTis. 

Much confusion has existed as to the nature of cystitis in 
consequence of the diversified classifications of this affection. 
Writers speak of purulent ci/stilis, bamorrhagic cystitis, cyeli- 
tis of the neck, cystitis of the body of Ute bladder, and catarrhal 
cystitis of several grades. Acute cystitis and chronic cystitis 
are employed as denoting intensity or duration of inflammatory 
process, rather than the character of tbe lesions present, and as 
such the terms arc convenient for descriptive purposes. 

In the light of modern investigations and present pathological 
knowledge cystitis is coming to be better understood and its 
signification has assumed more accurate and definite meaning. 
In all its varying phases cystitis must now be considered as a 
local bladder infection by bacterial germs. Nonnal urine, as 
already pointed out, is an aseptic fluid characterized by the 
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iilisenee of septic germs, while cyslttie is always &.isociated with^ 
the preHence of septic micro-orgauisina in gicaler or less abun* 
dance. 

Tlie same canses which bring about local iuTcctiou elsewhere 
may be looked for to explain the pre§ence of bladder infeotion. i 
Comprehensively considerwl, tbey inelnde the following con- . 
ditioLs: Weakened vitality of the tissues; favorable soil fof 
development and the presence of micro-organisms posseSBuig 
pyogenic [Kiwers. If we consider for a moment the many con- 
ditions to which the urinary bladder is exposeil, which tend to J 
weaken its resisting power to the action of germs ; the nuuij | 
sources of c.\poBnre to local infection, and the favorable medinm 
the nrine constitutes as a cnltnre medinm for many pyograiie j 
germs, it no longer seems strange that cystitis is one of the most I 
fVer|[iont diseases of the urinary tract. Since the discovery of 
the micrococcus urcBe by Pasteur, thirty-live years ago, to the I 
present time, a large number uf micro-orgauiaras have been di»- , 
covered in pathological nrine. Although many of these posseBSOO 
pathogenic powers, a number of them are, without doubt, closely 
associated with cystitis in the relationshiii of cause and effect. 

The older theory, that cystitis is set up by ammonium evolved 
in the decomposition of the urine by the micrococcus urete, is no ^ 
longer accepttHl. It has been coik'I naively demonstrated by 
Guiard and Uuyon that animoaiacal fermentation of the urine 
in the bladder takes place as a msuU of cystitis, and in tfa* 
absence of the latter the former does not occur. The question, 
then, of the local etiology of cystitis must be narrowed down to 
local infection of the bladder by pathogenic germs, and the t 
results of tlieir action constitute cystitis. 

Of the many etiological factors which favor bladder-infectioD J 
may be mentioned the following: Retention of nrine, trauma, I 
deep gonorrhtea, stricture of the urethra, prostatitis, caloalna, J 
morbid growths, exposure to cold, sexual excesses, gout, para- 1 
plegia, etc. 

The Urine. — Pus is present in the urine as the most essential ] 
feature of cystitis, its absence being proof that the bladder !» 1 
uninllamed. The quantity of pus present depends upon the I 
degree and extent of the cystitis and the length of time cystitie . 



hHB been eatablUhed. Early in the lesion the quantity is smtill, 
Gometinies observable only under the microscope. If tbe urine 
be acid the oystitia ie recent, and the pus readily setlles. If the 
uriue be alkaline — amniouiacal — the pus settles in a viscid, sticky 
mass, the cyfltitia is chronic, often termed "chronic catarrhal 
cyititis." Blood is nearly always present in acute cystitis, and 
sometimes also in the chronic lesion. It is increased in quantity 
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by movements or standing. In acute cases it is due to conges- 
tion ; the quantity is compa natively small, and for the must jiart 
it appears at the close of micturition. In tumors and varicose 
conditions of the vessels, blood is mixed mote uniTormly with 
the urine, and the quantity may in such cases be large. 

The quantity of albumin in the urine is inconstnut in this 
lesion. In the early course of the disease it is usually due to 
pns or blood, and consequently the amount is small. In chronic 
cases the quantity is more considerable, since denudiition of the 
veeical mucous surCace permits of more ready escape of blood- 
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Berum. The reaction of Ihe urine is usuftUy »cid in the early" 
course or the disease as well ns in mild cases; while chronic, 
long-continued cases are mostly characterized by alkaline orine 
from volatile alkalL Areompflnying the ftmmoniacal changes, 
more or less copious deposits of triple-phosphate crystals are to 
be found in the urine. In addition to this, amorphous phos- 
phates are often pmsent in considerable quantity, and leas fre- 
quently, also, are urateB. 

Recent cystitis differs from the chronic form as followa: la J 
the former the quantity of urine is usually normal ; color ts'l 
dark ; the reaction ia acid when voided, quickly becoming a 
line after it is voided ; the apeciflc gravity of the urine is o 
normal; the appearance is turbid and smoky, MicroscopioaH 
inspection shows tlie presence of vesical epitlielium, pus, i 
blood, and liacteria; and on standing a few crystals of tripl 
pLospUates usually are observed. 

In i-hronic cases the quantity of urine is about normal; ttu 
color is light, the reaction alkalitie, the apeciflc gravity eomewhl 
lowered, and albumin is usually present. Microscopical inspi 
tion shows the presence of pus usually in abundance, sometin 
biood, bacteria always, and vesical epithelium. The appearanoi 
of the urine is turbid, the odor is ammoniacal, and the sedimfint] 
sticks to the glass or vessel upon standing. The micro-orgs 
'most often met with in cystitis are as follow : The stapkylococcu^t 
pyogenes aureus, albns, and cUreus; the streptococcus pyogenes jT 
the urobacillua liquifaciena ne/Uicua ; and the bacillus colt com 
munis. These are all pathogenic germs. Those most frequentl. 
met with are the bacillus eoli communis, and next is the staph^ 
lococcue pyogenes oureng. 

Protntnent Clinical Features. — Frequent micturition, pain, ai 
pyurhi are the most conslnut symptoms of cystitis. FreqnaD 
micturition varies with the intensity of the disease and the a 
tiveness of the bladder. In acute cystitis the desire to mictura 
is nearly continuous. The frequency is increased upon standing 
or walking, while rest tends to relieve it. The pain atao v&ii 
according to the ncutenese of the attack. The pain is often v 
intense at or just before the beginning of micturition, is more o 
lesB relieved during the flow of urine, while at the close of mia 
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tDrition, and imniGdiatcly folloniag, for a few seconds the pain 
becumes greatly increased. The' hitler is iuobI notably the case 
when cystitis is associated with Atone or prostatitis. lu cases of 
highly ammoniacal urine cuiisidemMe pain is often experienced 
during the act of micturition. There is more or less discomfort, 
sometimes amounting to pain, nith sensation of weight above 
the pubis, in cystitis, irrespective of the act of micturition. The 
bladder is sensitive to rectal touch, as well as to instrumenta- 
tion, and also to distension by injections of fluids, however 
bland they may be. Hemorrhage, if pi-esent, indicates, as a rule, 
the more acute grades of cystitis, unless in large amounts, which 
are more common in chronic forms. Constitutional symptoms 
are absent unless the disease be associated with tuberculosis, 
malignant disease, etc. 

Vesical Stonb, 
The etiology and symptomatology of calculous disease have 
already been considered in detail. More than one<half the eases 
of vesical stone met with in hospital practice eecur liefore the 
age of puberty ; about 22 per cent, occur between the ages of 
50 and TO veal's ; while not above 2 per cent, are met with above 
70 years of age. The statistics of Sir Henry Thompson, as well 
as those gatbei-ed from large hospitals, suhstantially conflrm the 
above proportions. In private practice, however, the above pro- 
portions are almost directly reversed. Thus, in Sir Henry 
Thompson's private practice the patients between 60 and 70 
years of age comprised 65 per rent, of the whole; and those 
over 70 comprised 22 per cent, of the whole; while those under 
16 comprised less than 1 i>er cent. From these facts Sir Henry 
Thompson draws the following deductions r " InsuSicient food, 
clothing, and ftesh air, the necessary nccompnninicnts of poverty, 
appear to enconrage nalunlous formations among children, hnt 
not among adults. Habits of self-indnlgence, in relation chiefly 
to diet ami indolence, encourage cakulons formations in early 
adult males, but the children of such parents are not affected. 
Hard physical labor and a regimen which necessarily contains 
simple diet, largely cereal, with animal food in small proportion, 
even although often associated with intemperate habits and 
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iinliealtLy dwellings, diecoumge calculous forointions among i 
classes of the community alike!" TLe foregoing only applies i 
primary forinations. 

The Urine. — Hcfoie ihe onset or cystitis the urine may rem 
liitt little changed from the normal. The qnantity is normal ; the 
B|)CciQc gravity is not luaterially altered ; the urine remains clear, 
tending to increased color, perhaps, and the I'caction may be 
cither acid or alkaline. The history' often reveals habitual de- 
posits of red sand or while, gritty powder for mouths or yeara 
before special symptoms ap|)ear. In the early stages, when, to 
all appearances, the urine remains normal, the microscope usually 
reveals the presence of uric-acid crystals or those of calcium 
oxalate, together with Bcatteriug blood- and pus- cor)>uscle8. 
Cystitis sooner or later appears, when the urine becomes cloudy 
fk'om increased pns formation, together with the presence of epi- 
thelium, crystals of uric acid, calcium oxalate, triple phosphates, 
or amorphous urates or pho.sphales. If tlie urine remain acid 
the crystalline deposit will be uric ai'iU or calcium oxalale, often 
both together. If the urine be alkaline the crystalline deposit 
will consist of triple phosphates, and the pus deposit will bo 
more or less viscid and sticky. The degree of pyuria indicates 
the extent of denudation or ulceration of the mucous surface of 
the bladder. Blood is often present in variable amount, but rarely 
G.^cessive. Albumin is always present in the urine if cystitis 
co-exist, and freijuently in excess of the contained pus or blood, 
Micro-orgnnisnis are present also in all cases attended by cystitis, 
and for tlio most part of the same order. 

Clinical Fealupes. — Pain is present as one of the most typical 
features, tending to reflection along the urethra, in the testes, or 
down the thighs. Pain is sharply increased at the close of mic- 
turition and for a few seconds afterward, especially noticed in 
the glaiis penis. Siwism of the bladder is common at the close 
of micturition. The pain is always increased by the erect [jos- 
ture and by motion, including riding, walking, and even by tuni- 
ing in bed sometimes. There is more or less increased frequency 
of micturition, augmented by motion and relieved by continued 
rest and recumbency. Micturition is sometimes suddenly shut 
oS ID the middle of the act, in consequence of the stone i 
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forward over the urethral inlet. Od lying upon the back this 
Bymptom is relieved. 

Ueematuria is the rule in this cliseaHe, the blood usually being 
clear, bright iu color, and usually consists of a few drops at the 
close of miclurition, the urine at the beginning of micturition 
being mostly free from blood. Sometimes faainiorrhage is more 
consideiable, and the blood becomes more generally diffused 
through the urine iu such cases. Hteniutiiria is increased by 
movement, as walking and riding, etc., and is relieved by rest 
and recumbency, and therefore it is always less in the morning 
and more in tlie latter part of the day or in the evening. To 
complete the diagnosis exploration is often necessary. This may 
be done (a) per vaginam or rectum by means of the finger; (6) 
by means of the vesical sound ; (c) by means of the cystoscope ; 
{d) by digital examination through the dilated urethra in women. 
The most satisfactory methods arc those of the sound and the 
cystoseope. 

Tebical Tdbeboii^sis. 

Primary tuberculosis of the bladder is comparatively rare, 
and wlien present it invariably begins in the trigone. Mora 
often it results from extension of tulwrcular disease from the 
prostate, testes, or i-ecto- vesical fold of the peritoneum, less 
often by infection from the upper portions of tlie urinary tract. 
The bladder may become infected from above either by direct 
extension of the disease along the ureter or by inoculation 
through the urine from tuberculous kidney. 

When infection occurs from surface inoculations through the 
itrine from above the symptoms rapidly supervene and the dis- 
ease is acutely progressive. On tlie other hand, when the disease 
is primary the symptoms are more slow in development and the 
course of the disease is more apt to be protracted. 

The Urine. — Blood is usually present in the urine in this 
lesion in small amunut, often transitory and recurrent, a few 
drops often following the close of micturition, as in stone. 
Sometimes, however, ba>maturia is pronounced, in consequence 
of ulceration about the tubereular deposits. The urine contains 
small quantities of pus from the beginning, which gradually 
mcrease until appreciable deposits thereof are regularly present. 
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Tbe mine is murky, of light color, of normal specific gr&vjtjj 
and it is usually' Teebly aind or neutral until it becomes a 
iiiacal from tlie prest^nce of cystitis. The urine is not e8{>eciaJ 
ofTenttive, altliongb it may be ammoniauil, as just stated. 

With tbe oecurreiice of cystitis all tbe features of tbe U 
characteristic of that disease suifcivenc, and thnt in tbe mot 
pronounced form. These include pyuria, ha>maturia, 
of triple-phospliate crystals, amorphous phosphates, epithelial 
in states of progressive necrosis, and micro-organisms in at 
dance. 

Prominent Cllnicat Features. — These patients are young, i 
ally from 15 to SOyenrsof age, trith family histories of tuherculoiri 
disease in sojiie foriu. The early symptoms eonsist of increftaiiq 
frequency of micturitiou for a few months, especially during t 
day. Blood appears in tbe urine, and with this the patient b 
to rise at night to micturate. Tbe pain iu micturition is referre 
chiefly to tbe raid-penis. Sharp, vesical tenesmus becomes d 
oped as the disease proceeds, and in such eases the p& 
increased at tbe finish of micturition. The constitutional sym 
toma include debility, emaciation, weakness, elevation of tempi 
alure in the evening, and night-sweats. With these syn; 
are often assoeiiited tuberculosis of tbe lungs, joints, glands, t 
elsewhere. 

Differential Features. — Tubercular cystitis in many of il 
manifestations resembles stone in tbe bladder. Tuberculows 
the bladder, however, is more frequent in youth ; the family b 
tory is often tuljerculous ; the irritability of the bladder is oft 
marked at night, greatly disturbing tbe patient's rest ; bu-matU) 
is often sudden and without apparent cause, bi-ing less dcpendel 
upon exercise ; there is greater relief from pain at the close 
micturition; pain is in mid-penis, rather than in glane peiiisi 
there is persistent {>ost-scrotal perineal pain ; the urine h 
in color, murky, inodorous, and purulent from tile beginning, i 
periods of quiescence if the symptoms do not correspond t 
escence aud rest. In late stages evening temperature is prea 
marked constitutional symptoms arise, im|tlication of epidic^ 
mis is common, anil knobby or shotty feel of prostate per rectia 
points to tbe tubercular character of the disease. 
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Cancer of the Bladder. 

The great majority of malignant growths of the bladder are 
of the carciiiomatouB order. Carcinoma of the bladder iieuaily 
begins at the Uise of the orgim, or, more accurately speaking, at 
the lower third of the organ. It manifests a peculiar tendency 
to long remain a local disease, with little tendency of extension 
to neighboring stnicluics. This has been explaineil by the 
scarcity — according to ttouie, the absence — of lymphatics in the 
bladder-walls. 

The Urine,"The urine contains blood in the vast minority 
of these cases. Seldom being entirely absent from the urine, it 
is subject to periods of marked augmentation witiiout any ap- 
parent exciting cause. Attacks of marked hicmaturia are quite 
aa likely, therefore, to OL'cur at night as during the hours of ex- 
ercise through Ihe day. The quantity of blood is often greater 
than in almost any olher disease of the urinary organs ; so that 
the bladder is liabk to become partly filletl with large blood- 
clots. As a rule, the quantity of blood in tlie urine irregularly, 
but continuedly, increases as the disease advances. The color 
of the bloml is usually bright red, eBjjecially when it is abun- 
dant, but if in small quantity it may be dull red or brownish in 
appearance. The blood is not intimately mingled with the urine 
as it is in renal hematuria. 

The jrine often contains shreds or detached bits of the morbid 
growth, which may even be noticeable to the patient. To the 
naked eye these appear as " washed-out " bits of tissue, which 
in reulitj- they are, and they vary in size from minute specks to 
pieces as large as a \)na. or small liean. Their presence merely 
indicates tlie presence of some growth without indicating its 
character. No trustworthy inferences are to he drawn as to the 
nature of these shreds from microscopical examination, since 
both malignant and benign growths of the bladder may present 
papillary surfaces of practically the same microscopical appear- 
ance. Since, liowever, such shreds are moat frequently the 
product of papillomata or malignant growths, their presence 
may be considered as simply presumptive of one or the other of 
these forms of growth. 

The urine nearly always contains an abundant sediment in 
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mnliguant (li§eaae of the bladder, of which epitbeliuni coDBtitutes 
a. prominent featni-e. The epitlielium is of small or moderate 
size, but with very large and plainly -visible Duclei. The qiiun.- 
tity of urine remains normal, as dots the siiecific gravity, save ' 
in Iflte stages, when the latter becomes somewhat reduced. Tha 
urine is turbid, often brownish red, and tUe reaction is acid until 
cystitis becomes established ; with the appearaiiee of the lfttt«r 
there is pyuria, ammoniiria, bacteriuria, and the usual accompany- 
ing symptoms. 

Prominent Clinical Features. — Pain is a prominent and early 
symptom, usually preceding the hematuria. The character of tlie 
pain ia often sharp, radiating to the thighs, above the symphysis 
pubis, or in tbe post-scrotal region. The pain is not ospeoiallf 
increased by movements. Fenwick has recently called especial 
attention to the fact, ns he claims that, if the disease do not in- 
vade the trigone, pain may be practically absent until a late 
period of the disease. This may account for the occasional ab- 
sence of pain almost throughout the disease. Frequency of mic- 
turition is more or less pronounced from the beginning, and this 
is attended by pain, which is most notable jnst before the begin- \ 
ning of the flow. Rectal examination develops local tenderness 
and jtatches of induration. 

Benign Yesical OKOWTRa 
The chief varieties of benign growths met with in the bladder 
are pajnllnma, my.roma, and mynma Of these, papttlomata ni'% j 
by far the most frequent. Those consist of proliferations of the f 
natural structure of the vesical mucosa, forming papillie or pro- i 
trusions covered with cylindrical epithelium. Sometimes these { 
iwpillie are long and slender and float in the nrine in numerous 
filaments from a common base or stalk. Examined in a dry state 
tliey collapse and form a sod," i<trau-berry4ite" mass. The base , 
or pedicle always contains more or less fibrous tissue, and usually 
some non-striped muscular fibres. Sometimes the growth ( 
pands to form a ]Miypoid-like mass of more decided firmnesa, or ' 
it may have a wider attachment to the bladder. Again, it some- 
times appears expanded into several bunches not unlike caiilt- | 
flower. When the fibrous elements are numerous the striictute 
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is more dense, and this form lias lieeii termed "Jtbrovs papil- 
lutna.'^ The latter are, for the most part, tumors of some con- 
fiiilerable solidit3',aiid often bave comparatively limited papillary 
margins, 

Tlie myxoma, or simple nmcoiis polyp, is rarely met with in 
tlie blatUIer; thus far, only in childhood. Sometimes it is con- 
genital. Tlie growtb is that of libroid undergoing mucoid trane- 
formation. This growth ia single, peilunculated in form, and 
reeemblea the ordinary noasl jwlypUM. 

Myoma is only oceaiiionally met with in the bladder. It is 
uaually of moderate sijie, with wide base, round or oval in form, 
rstber firm in consistence, and chiefly mnde up of muscular fibre, 
evidently the outgrowth of the muscular coat ol' the bladder. 
The last two described growths are so uncommon in the bladder 
that for practical purposes [mpillomatH only require special con- 
sideration. 

The Urine.— The roost important feature of the urine in 
papilloma of the bladder is the presence of blood,— heematnria. 
This occurs early, nnd at first in paroxysms, followed by more or 
less lengthy intervals of absence. Commencing insidiously, often 
appearing in the form of small dark clots, " likejlie*" appearing 
and disap|:>earing alternately for a few days at each time; or 
again, the urine, instead, may appear slightly lilood-atained, or a 
little clear blood may appear at the close of an otherwise mictu- 
rition ofclear urine ; or, again, the whole urine voided may appear 
bloody, — dark " coffe.e-coJored." The hfematuria uBimlly presents 
these various types in succession, without olher prominent feat- 
ures, for long periods of time, — often for years. Sooner or later, 
however, attacks of more or less profuse hremorrhnge occur and 
recur as the growth increases. The blood is not of pronounced 
arterial color, but more inclined to darker shades. Aside from 
the presence of blood in the nrine, the latter is not otherwise 
especially altered in its physical characters; the specific gravity 
and volume remain about normal ; the solids are relatively and 
absolutely unchanged ; and the urine remains acid, though often 
feebly so, until late stages, attended by cystitis, when the reaction 
may l>ecome alkaline. 

The urine contains considerable sediment of a flnely-floccnlent 
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nature, brownish red lu color for the most p-.irt, and conta 
blood-corpuscles, more or less pus, cpittielium. and often rag) 
shreds or tissue. The deiiosit of fpiiheliiira from the veaiei 
mucosa is a proiuincat feature of the sediment, often exccedia 
that in auy other condition. With regard to the shreds ofb 
voided with the urine in these cases, it was formerly held thi 
microscopical examination of these readily cstalilisbcd the nattu 
of the growth. Unfortunately, however, more extended experi- 
ence has shown tliat, while the epithelial character of these 
pieces is easily enough recognized, yet, in cousequence of the fact 
that any bladder-growth, benign or malignant, may possess » 
peripheral epithelial fringe, no positive deductions can Ije drawn 
fi'om their reoognition. We are only able to say, presumptively 
from these, that papilloma is most probable, because it is t 
frequently attended by the appearance iu the urine of tLot 
structures recogni:!ed as epithelial formations. 

Prominent Clinical Features. — The most prominent symjAoni 
are long duration of luematuria witiiout marked pain or Otht 
associated symptoms, In other words, hicmaluria precedes, I 
longer or shorter i«>riods, vesical symptoms, such as pain and f 
qnent miotnrition Some slight increased fVeqnency of micturitioi 
develops after a time, with tendency to increase with the pro 
of the disease. Pain is scarcely ever a pronounced feature C 
the disease, usually only so when obstruction occurs from ( 
or growth situated near the margin of the urethra, when it n 
stop the flow of urine. In cases of this order tenesmus, freqaei 
micturition, and pain become prominent, and may evt 
the biematuria. The general condition of the patient remu 
normal, save, iierlmps, aniemia, which is apt to result to a grea 
or less extent, according to the amount of the hematuria. 



SECTION XI. 

THE URINE IN OTHEK DISEASES. 

Simple I'mExiA. 

Certain chnngee in tbe chiiracter of the urine in pyrexia are 
suftlciently constant to merit tbe tenii " pyrexial urine" often 
employed. Generally speHkiug, these comprise diminution in 
qmintity or, more aecurateiy spi-Rking, deficiency of water; 
increased color, due to increase of pigment, both relative and 
absolute; increased acidity, and hlgb specitie gravity. In addi- 
tion to these physical changes in the nrine, provided no acci- 
dental cireumstances interfere, more important clianges take 
place in the composition of the urine. Among the most promi- 
nent of tlieee changes is a decided increase, butli relatively and 
absolutely, of the nitrogenous elements, viz., urea and uric acid. 
Since, for the most part, but little food is taken in pyrexial 
states, and the urea and tiric acid rise considerably above the 
healthy range, we must conclude that the pyrexia! state entails 
a more or less pronounced waste of tissue. While the amount 
of uric acid excreted varies in diflerent forms of pyrexia as 
well as in different cases of the same fever, it is undoubtedly 
more uniformly increased than is any other urinary constituent. 
This increase of uric acid is projiortionately independent of 
urea, which ecems somewhat paradoxical considering that they 
are both derived from the same tissue-base. In addition to the 
increase of uric acid and urea, hippuric acid is oflen present in 
the urine in large quantity as a consequence of the pyrexial 
state, indicating, in all probability, a disturbed function of the 
liver. 

The increased excretion of pigment is chiefly due to the de- 
structive metamorphosis of the red blood-corpuscles, the latter 
being a well-known result of nearly all forms of fever. As might 
be expected, considering the excess of uric acid and urea, the 
sulphates are also markedly increased in pyrexia, constitutuig 
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another evidence of tUe destructive iDetamorphosie of nitrogenous 
(sulphur-holding) tissues. 

The chlorides and phosphates, as a rule, are reduced, both 
relatively and absolutely, in pyrexia. With regard to the former 
the diminution is probably due, at least in part, to retention ; bat 
as regards the phosphates (save iu ca.'ies of acute inllammatioD8 
of the nervous or musL^uiar tissues) there is undoubtedly de- 
ficient ext;rction. 

As B wliotc, then, pyrexia entails an excessive excretion of 
solids by the urine. This esceesive excretion begins with the 
onset of fever, and usually umintaUis a parallel ratio with the 
temperature; in short, the presence of the latter invariably 
implies the former. The urine often contains a small percentage 
of albumin in simple pyrexial conditions, and the same may be 
said of acetone. 

The urinary sediment in pyrexia is often considerable in 
amount, and consists of uric-acid crystals, urates, sometimes 
scattering hyaline casts, a few leucocytes, and epithelium. Aside 
from the modificationsof the above features of the urine by special i 
forms of fever, typical pyrexial urine is subject to certain vari- 
ations through certain special circumstances, as follow; When, 
during the course of a fever, an organ becomes the seat of disease, 1 
where tissue-changes furnish special urinary products, the prod- 
ucts may appear in the urine in excess. As examples, note ttas | 
increase of phosphates in the urine in inflammatory diseases of 
the nervous Bysteni, and the increase of bile-acids in hepatitis. ' 
The ovcractiou of other eliminating organs may disturb tha 
type of febrile urine. Thus, the diarrhcea of typhoid fever 
modifies the character of the urine, as likewise does the sweat- \ 
ing stage of intermittent fever. These are a few of the influ- 
ences that may produce special variations of the febrile type of 
urine to a limited degree; but, on the whole, the general py 
rexial characters stand ont with sufficient prominence for general ] 
recognition. 

It may tje stated, as a general rule, that the amnutit of ttssue- 
metiimorphoeis, as indicated by the excretory waste in the nrina 
in fevers, constitutes a good indication of the severity of the 
disease, — often, indeed, lietter than the thermometer or pulse. 
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Upon siibsiJeDce of pyrexia the urine assumes directly the 
opposite characters of the pyrexial state. The chlorides become 
increased, while the urea, uric acid, phosphates, and pigments 
are below the normal range. The volume of urine is increased. 
In short, everything points to delayed metamorphosis, conserva- 
tion of tissue, and repair. 

Acute Infectious Diseases. 

Typhoid Fever. ^Tlie quantity of urine is diminished about 
50 pur cent, during the fi;brile stage of typhoid, and the volume 
gradually rises to normal in tlie third, fourlli, or fifth week. 
The Bpecitic gravity of the urine ranges from 1025 to 1030, 
occasionally reAcbing as high as 1040. The quantity of urea is 
increased 25 per cent, or over; as high n range as 78 grammes 
per day has been recorded. In cases of marked splenic enlarge- 
ment, copious haemorrhages, and complicating nephritis the 
quantity of urea becomes lessened instead of increased. The 
chlorides sulfer marked reduction, ea|>ecially during the first 
week, but they gradually increase as convalescence approaches, 
while with urea this order is reversed. The uric acid is uni- 
formly increased, the increase being relatively greater than that 
of urea. The gross amount of uric acid increases usually until 
about the end of the second week, when it reaches about double 
the normal range. Deposits of urates are common. The phos- 
phates are somewhat diminisheil, and the pigments are increased 
relatively and absolutely. The reaction of the urine is sharply 
acid when voided, but often rapidly turus alkaline upon stand- 
ing, owing to arainoniacal transformation of the large output of 
urea. 

Albumin is present in the nriue in a large proportion of the 
cases of typhoid fever, probably in the majority. Few observers 
place the proportion less than 20 per cent, of the whole, while 
some claim to have found it in nearly all cases. The author's 
oliservations lead him to conclude that albuminuria in present in 
from 70 to 80 per cent, of all cases of typhoid. The quantity 
of albumin in the urine is usually small; but occasionally it is 
decided in quantity, and is attended by nephritis. In such cases 
the prognosis of the disease is always to be considered grave. In 
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most cases the albuminuria is teni|(oriiry, apttiug in soon I 
pyrexia becomes established and subsiding soon after the latter 
disappears. In a very couDiderable proportion of the cases, 
however, — larger than has heen generally supposed, — albumio: 
uria fitils to eubsiile with pyrexia, and beeoincs permanei 
Leiicin and tyrosin are usually to be found in the i 
typhoid, although in no very decided quantities. 

Renal casts, epithelium, and blood are frequently seen in thi 
urine. Indeed, with regard to casts, it is probable that tkey t 
nearly always to be found during the first and second weeks, 
carefully sought. Peptone is often preseut in the urine 4 
typhoid, especially in the more severe types of the disease. 

Thanks to Ebrlich, the diagnosis of typhoid fever is i 
rendered almost as certain by the urine as is pulmonary tube 
losis by the sputum. The diazo reaction of Ghrlich met 1 
many unbelievers at first, as to its reliability as a diagnostic tern 
ure of this disease, but overwhelming clinical evidence is 
available to prove its undoubtedly great diagnostic value, 
following original claims of Ghrlich in reference to this I'eActioi 
in the urine may be said to have been amply confirmed, 
reaction is found in typhoid fever after the funrth or fifth d 
and if absent the diagnosis is doubtful. If the reaction ] 
Blight, and only found for a short time, the case will usually I) 
very mild. In simple febrile intestinal catarrh, chlorosis, 
drtemui, diabetes, and in diseases of the brain, spinal cord, liv( 
and kidneys, the reaction is never obtained. The rei 
obtained occasionally in phthisis pnlmoualis, rarely in met 
pyiemia, scarlet fever, and erysipelas." 

" The diazo reaction in typhoid has no dependence v 
height of temperature, nor is it influenced by the medicatioi 
The morning and evening urine give the same intensity of r 
tion. If the reaction cease in the second or thirtl week, the p 
is that the fever will early decline and the further course of tfai 
disease be miid. On the other hand, long-continued 
indicates severity and long continuance of the disease. If relapse 
occur, the reaction returns if it has previously disappeared." 

The importance of the subject justifies a repetition of thl 
essentials of the test, especially since it is strongly probable thl 
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mnch of the diveraily of views aa to tlie value of the reaction in 
typhoid fbver has arisen ia uoDaequeDce of faulty methods in' 
performiDg the test. 

The priuciple of the lest depends ujion the fact that diazo- 
suipholienzol unites with certain aromatic substances met with 
in the tiiine in tyjihoid, which form aiialiues. The diazo- 
eulphobenzol being nnstalde, Ehrlieh obtains it fresh for testing 
by keeping siilpUo-anilic acid in solution with hydrochloric acid. 
To this solution sodium nitrate is added, which liberates HNO, 
and forms diazosnliiholwnzol. A full description of the test 
and the proper method of its manipulation are described on 
pages 134 and 13&. 

ScarlBtins, — The urine in scarlatina assumes the usual febrile 
cliaracters, more or less marked in pivportion to the degree of 
pyrexia preaeiit, Duriug the Bret week the volume is reduced, 
the urea and uric acid are increased, and sediments of urates are 
precipitated. The cldorides are often decidedly reduced. From 
the sixth to the eighth day, if the disease proceed favorably, the 
urine becomes abundiint, pale in color, and the general characters 
approach the normal standard. 

But the urine in scarlatina should always be the subject of 
special observation, in consequence of the fact that it is often 
especially affected in this disease. This is due to the frequent — ■ 
almost invariable — implication of the kidneys some time during 
the course of the disease. Recent observatioiia on an extensive 
scale indicate that nephritis exists in scarlittina, either in acute 
form or in mild, evanescent attacks, almost as constantly as the 
rash or the angina. The numlwr of acute cases of nephritis 
attended by dropsy and high grades of albuminuria in scarlatina 
is estimated as alxrut one in every six cases met with,' though 
the proportion varies greatly in each special epidemic of the 
disease. 

As a rule, albumin appears in the urine about the fifth to the 
eighth day, usually subsiding within about nine days if the dis- 
ease proceed favorabiy. The quantity of albumin in the urine 
is subject to the widest variation, sometimes amounting to mere 

■See aertluL ou " Sr&rlatlDsl Nephritis" In Bright's DIseue and Allied 
Ktilacy AJIeclluDB, by the aulbor. Lea Bros. &. Co., Phlladelpbla, 1S86, 



VEINAttr BIAQNOSIB. 

traces, while, sgnin, the urine becomes almoat solid with alliu- 
' iniDOua cofigiihim when boiled or treated with albumin [trecipi- 
tants. A lew cases are on record in whicli both nL-iiliritis and 
dropsy were preseut in scarlatina, while albumin was absent from 
the urine. 

Casts are Almost invariably to be found in the urine if care- 
fully sought for. In cases proceeding favorably the casta are 
chiefly hyaline, often preceded by the so-called cylindroids of 
Thomas. If nephritis become established, tl\p sediment contains 
the usual elements characteristic of that lesion, more or less 
pronounced in proportion to its grade. Thus, we may meet with 
epithelial and bloody casts, as well as gmnular, in chronic cases. 
In addition to these, free bluod -corpuscles aud ollen Urge 
showers of round epitU}.-lium are ob.tervable. As occasional 
features, the urine in scarlatina has been found to contain sugar 
in small amount, haemoglobin in severe — usually malignant — 
cases, nnil sometimes jieptone or, more accurately speaking, 
deuteio- proteose, which is usually taken for peptone. 

Albuminuria sometimes subsides during the early course of 
scarlatina, to re-appear later with nephritis, if acute nephritis _ 
of pronounced type occur in scarlatina, it usually appears abool 
the eighteenth to the twenty- fourth day ; more rarely it arises ll 
the latter part of the second week; more rarely still during tbl 
fifth week. 

Cholera. — During the algid stage of cholera the urine is n 
or less completely suppressed. This is due, in the main, 
collapse, — weakened circulation, — |>erhaps to some extent, a 
to thickened blood and exudation into the ronal tubules, j 
the cold stage is passeil the volume of the urine slowly incre 
or it maj' remain suppressei! ; in the latter case the patient dlsi 
comatose. If the secretion of urine become re-established, : 
usually does so during the third day from the attack,— 
eighth to the seventy -second hour. The quantity of the fin 
urine is small, gradually increasing if the patient recover 
on the fifth or sixth day the volume reaches the normal i 
or often considerably above. The specific gravity of the urii 
at first, upon re-appearing, is below normal, — often 1006 or lOOB 
It may fall still lower at first, but gradually rises to normal i 
convalescence is established. 



ACDTe iNFECTlOUS DISEASES. 319 J 

The quantity of urea in the urine is greatly reduced in J 
ctiolera, — in fact, during tUe Brst day it may amount to but 
2 or 3 grammes, and Bigbic even found it absent. 'It uaually 
increases aomewliat on the second day, and in faTorabk cases it 
increases on tlie third to the sixtii day to considerably above the 
normal range. The prc^nosis may IJe considered favorable in 
jiropoj-tion to the nmouitt of urea excreted in cases which have 
passed the algid stage. Uric acid is UBually present, though in 
reduced quantity. It often falls out of solution In n colorless 
state, owing to the absence of pigment in the urine. The phos- 
phates are greatly reduced in the first urine passetl; but, like 
urea, they become markedly increased with the re -establishment 
of the urine, and for several days even considerably exceed the ' 
normal amount. The chlorides at first are absent, or nearly so } i 
after the fourth or filth day they gradually return, and increase I 
to, but rarely very much above, normal. The increase of chlo- 
riiles is considered as even more favorable a prognostic sign J 
than that of urea. As the urine becomes re-established its I 
ocidity becomes greatly increased. The normal urinary pig^ | 
ments are nearly absent for the first two days, gradually return- 
ing by the sixth day or so to the normal range. The first urine ' 
voided in all cases contains so-called indican — indoxyl-potassium 
sulphate— in marked quantities, Indeeil, before the isolation of 
the citotera bacillus the presence of this substance in the urine 
was by many considered the best diagnostic indication of cholera 
where the symptoms were so mild as to cause doubts as to the 
nature of the disease. Our knowledge of so-called iudicanutia, 
however, has so far increased that we know it is not uncommon 
in intestinal catarrhs of various kinds, as well as in certain , 
general diseases attended by pronounced albuminous ti'ansform- 
ation. 

The first urine passed in cholera almost invariably contains ! 
albumin. So constant is this the case that if the urine wero .] 
always free from albumin in other forms of diarrhrea, cholera | 
might almost be diagnosticated by the accompanying albumin- 
uria. As a rule, the albuminuria of cholera is of comparatively | 
brief duration, subsiding within a week after its appearance, 
There ie no doubt, however, that the albuminuria sometimes pur- \ 
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sues an ucule course, accom[ianit;d by nujiliHtis, wLich latter ia 
llie direct cause of death by uriL>mio coma. As a general rule, 
the qiiuDtity or nlbimiiii in tlie urine is proiwrtional to the degree ] 
and duration of the algid stage. 

Kenal casts are invarialily to be Tound in the nrine of cholera 
patients, as well as large deposits of epitUelium. With these, 
blood^corpiisclcs and uric-aeid crystals are iisunlly found. Later 
on, e ale in in -oxalate crystals iire degmstted, either alone or asso- 
ciated with aniorplious urates. 

Diphtheria. — The urine in diphtheria is decidedly reduced in 
volume, of high specific gravity, of sbirply-acid reaction, &nd it 
deposits a copious sediment of uric acid, amorphous urates, ox- 
alates, and sometimes pLosphates. Tlie urine contains albumin 
in over &0 per cent, of the cases of diphtheria, varying in quan- 
tity fVom mere traces to the most pronounced types of albumin- 
uria. The albumin usually appears early in this disease. If of 
mild grade it sometimes subsides temporarily, and may occur 
even repeatedly. There ia no doubt that the kidneys become im- 
plicated in many of these cases, but the tendency to s|>ontaneou8 
recovery from nephritis seems greater than In scarlatina or pneu- 
monia, The quantity of nrea is largely increased, and this con- 
tinues throughout, unless the function of the kidneys becomes 
much crippled in consequence of associated nephritis. At the 
height of the disease the quantity of urea is often double the 
normal range. Renal casts are frequently present in the urinary 
sediment; less often, blood. Pus sometimes appears in con- 
siderable quantity as a oonsequcnce of pyelitis, which is often 
evokcil by tliis disease. 

Variola. — la smnll-pox the urine assumes the usual typical 
features common to pyrexia, which continue until about the 
twelfth d.iy. The urea is moderately increased, and reaches its 
highest average with the highest temperature. Even in the ab- 
sence of marked temi^eiature and upon a spare diet the urea is 
still above the normal range. The uric acid is excreted pretty 
uniformly in excess throughout the course of the disease, and 
deposits of urates are constant. The chlorides are somewhat, 
though not decidetiiy, reduced. The sulphates suffer slight re- 
duction, though to no marked degree, probably only consequent 
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to the lessened quantity of food ingested. The pigment ia very 
considerably increased. 

Albumin appears in the urine in about 30 per cent, of the 
cases of small-iiosL. It usually appears at the height of pyrexia, 
though in bcvitc cases it often apj>ear8 at the onset of the dis- 
ease. As a rule, albuminuria is only temporary in variola, the 
tendency to leave behind serious nephritis being comparatively 
slight, although such results sometimes occur. The presence of 
bile-pigment in the urine is a frequeot and noteworthy fact first 
ol>9ervcd by Schonlein in these oases. In malignant forms of the 
disease the urine contains hiemoglobin. lu less severe cases 
hiematuria ia not uncommon, and often of pronounced degree. 
Casts, epithelium, and other evidences of nephritis are to be 
found in the urinary sediment in cases associated with albu- 

Yellow Fever, — The quantity of urine is markedly diminished 
from the onset of this disease. In many cases it becomes nearly 
or even quite suppressed, and in such cases all the manifestations 
of urtemia follow. The reaction of the urine is usuaUy acid 
throughout the first stage, and becomes alkaliue during conva- 
lescence. The color of the urine varies : it may be bright yellow, 
dirty orange-colored, greenish brown, olive black, or sometimes 
red from the presence of blood. The urine becomes albuminous 
almost without exception, and very often highly so. A very 
close relationship undoubtedly exists between the more serious 
symptoms of the disease und the associated renal lesions, for in 
such cases albuminuria ia always present in the urine, together 
with tube-casts, epithelium, blood, and the morphological ele- 
ments common to acute nephritis. In addition to this, all the 
usual phenomena of uraimia follow in most of such cases, but 
especially coma. The urea is greatly diminished ; sometimes it 
is totally absent. The uric acid is also greatly diminished, and 
is even said to be absent in some cases. 

Typhus Fever. — The volume of urine is gnulually, though 
not profoundly, diminished up to the third week of this disease. 
The color is increased up to the crisis, after which it becomes 
normal, and during convalescence it is lighter than in health. 
The reaction of the urine is sharply acid. The urine may remain 
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pincticiilly free from depoBit, altbough about the crisb 
of iirutcs is frequent. The quantity of uric acid is increased, 
though less marked, and leas uniformly so than urea. The most 
notable feature of the urine, however, iii typhus is the marked 
reduction iu the quantity of chlorides, which in severe casea 
practically amounts to complete absence or reteution. This is 
not due to iliaiThsa, lack of food, or other readily explainable 
cause, but scorns a constant feature of the disease itself. 

The urine in typhus is frequently albuminous, |)orhBps mo| 
frequently so than iu ty]}hoid, although then? is some diirertiue£a 
of opinion upon this point. Most are agreed, however, that in the 
more severe forms of the disease albuminuria is the rule. The 
quantity of albumiu in the urine varies much, but is frequently 
in large amount in serious cases; appearmg usually toward t 
crisis of the disease, most olten on or about the sixteenth di^d 

DlSKASES or TUB LiVKB. 

Cirrhosis. — The quantity of urine is constantly diminished 
cirrhosis of tbe liver, so constantly indeed that a copious t 
of urine may be considered strongly presumptive evidence ofd 
absence of this disease. Diuretics act with dlQiculty or fail 1 
be effective until the congestion of the liver \>o modified by n 
curials or purgatives, and it is in such cases that calomel acta a 
a diuretic. The color of the urine is markedly increased, being 
dark, red, brown, and even blackish. The acidity of the urine 
is increased, and, unlike in pyrexial states, the acidity rapidly 
intensifies after the tirine is voided. The dark coloration of tbe 
urine is due to the presence of bile-pigments in the iirino. So 
constant, indeed, is the association of bile-pigroent in the urine 
in this disease that it may serve to distinguish ascites of hepatic 
origin from that of jwritoneal cfl^iaion. especially in non-febrile 
forms of the latter. The excessive bile-pigmentation of the 
urine in cirrhosis of the liver receives its most plausible expla- 
nation in the facts of long detention of the blood in the liver, 
where the red corpuscles arc subjected to prolonged meta- 
morphosis. 

The solids of the urine vary widely in quantity in cirrhosis 
, of the liver, chiefiy in consec[uence of the great variability fl 
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the appetite and digestion, the stomncti being subject to more or 
less disturbance iu lliese cases througli implication wilti tlie cir- 
rhotic procesB. With a normal appetite and digestiun tLe quan- 
tity of urea is subject to little change. On the other hand, the 
quantity of uric acid is pretty uniformly above oormal, and 
often very considerably so. The chlorides are somewhat de- 
ficient; most so in cases iittended by asdtes, the ascitic fluid 
becoming heavily charged with sodium chloride. Deposits of 
amorpUous urates and calcium-ox a lute crystaia are common. 
Albuiuinui'ia is rare, save in cases depending upon valvuhkr 
lesions of the heart. The urinary sediment, as a rule, does not 
contitin renal casts and other evidences uf nephiitis, save in very 
exceptional cases, mostly due to cardiac disease. 

Jaundice.— As a rule, the volume of urine suffers some reduc- 
tion in jaundice, altliongh it is often quite up to tlie normal 
range. The quantity of urea, as n rule, is diminisiied ; the uric 
acid is increased; the sulphates are not especially altered in 
quantity; hippuitc acid is usually absent; the urine is always 
highly acid, the acidity rapidly il1te^sif^'i^g after the urine is 
voided. The color of the urinedependsnpon the presence of bile- 
pigments, and varies fiom safiVon-yellow to dark greenish brown 
or sometimes porter color. The bile-pigments are sometimes pres- 
ent in the urine in very large quantity, as well as the bile-acids. 
Benzoic acid fails to be eliminated by the urine as hippnric acid, 
contrary to conditions of health. In marked eases sugar some- 
times appears in the urine, and this may be regarded as an 
unfavorable indication. 

The chief value of examinations of the urine in jaundice is 
to establish the diagnosis at an early (leriod. Our present testa 
for bile-pigmeuts enable us to ascertain when the disease is 
coming on, as these products appear in tlic urine verj- early. The 
presence or absence of bile-elements, as well as lencin and tyrosin, 
in diiubirul cases assists in distinguishing between obstructive 
and non-obstrnctive jaundice. 

Acute Yellow Atrophy.— This somewhat rare and rapidly-fatal 
disease is attended by marked icterus and hy extensive destruc- 
tion of the hepatic cells. The urine is strongly acid in this 
lesion, and contains both bile-pigmeuts and the bile-acids. The 
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quantity of the urine is much diminisht-d, though not suppresaedp 
and the color is usually very dark brown. The urine usually 
contains lencin or lyrosiu or both, the former nearly always, and 
sometimes in very large quantity. The quantity of uiea ia 
greatly lessened and sometimes nearly absent; uric acid and 
phosphates are usually reduced in quantity. The urine some- 
times contains albumin and casts, although with no great con- 
stancy, and when casts are present they often ap|)ear yellow froi 
staining with bile- pigment. 

Abticulak DisBAses. 

Acute Rheumatism. — In rheumatic fever the general featiir^ 
of the urine are typically those of pyrexia. The quantity I 
urine is diminished ; the siiecific gravity is increased, as is t 
the color ; the reaction is sharply acid, and on cooliug the ur!d 
dei>osits sediments of deeply-colored urates. The quantity 
solids is increased, but chiefly that of urea. The id 
urea usually roaches from 150 to 250 grains above the normal d 
range. The quantity of uric acid is somewhat increased, thoni 
to n much less extent than urea. A cupione precipitate of n 
usually occurs at or shortly following the crisis of the disi 
and as convalescence becomes established tins tendency snbsidf 
The chlorides are suliject to a considerable reduction in quantiU 
though not to so extreme a degree as in pneumonia. The retdl 
of chlorides ia comparatively early, usually as soon as the t 
perature declines to 100° F. and the joint-swellings begin to sol 
side. The sulphates are increased in quantitj' to a markt 
degree, usually reaching double the normal range. 
rheumatism and pneumonia the blood contains a marked exW 
of fibrin, and these two diseases furnish the most marked e 
plea of increase of sulplmtea in the urine of all acute fevers, 
quantity of phosphates in the urine is not materially altered IJ 
acute rheumatism. 

Albumin often appears in the urine in small amount, but it^j 
itsunlly transient Exceptionally it occurs in marlted quontH; 
attended by nephritis, in such cases, morphological s 
are found in the urinary sediment characteristic of nephrid 
The kidneys, however, are less frequently, as well as less prj 
fonndly, affected than in pneumonia. 
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Aoufe Gout. — Btfure tin? siUack of gout, or, in other words, 
between tbe pnruxysms, the urine is mure or tess defli^ient in 
solids, eapeciflllj those of uric acid, urea, estraclives, and phoa- 
phntes. In tbe citse of uric iiuid tUo reduction is greatest im- 
mediately before the attack, when it may, indeed, be totally 
absent. The same thing occasionally occurs in cbronio gout 
during the formation of tophaceous deposits. 

During the attack the volume of urine diminishes more or 
less nmrkedly. Exceptions to this rule occur in cases character- 
ized by chroiiicity. The frequent co-esistence of cardiac hyper- 
trophy and early renal cirrhosis in chronic gouty subjects fur- 
nishes the key to tbe solution of the occasional polyiiric form 
of gout, as well as those exceptional cases ntteudetl by deficiency 
of urea in the urine. As a rule, the excretion of urea is not 
materially altered during the paroxysm of gout. Garrod first 
pointed out the now well-known fact that the urine is greatly 
deficient in uric acid in gout ; and Ibis applies both to tbe attack 
and the intervals between Ibe paroxysms. Sir William Roberts, 
pursuing tbe chemistry of tbe subject further, bas shown* that 
the uric acid is retained and precipitated in the tissues in & state 
of combination as biurate. The urinary pigment, on the whole, 
is somewhat deficient in gont. Exceptions to this occur in cases 
attended by pyrexia. The phosphates of tbe urine are markedly 
deficient, notably those of sodium, which doubtless goes to make 
up the tophaceous deposits in tbe joints. The sulphates are not 
essentially altered in quantity. 

The urine frequently contains albumin, nearly always in 
minute quantity, and sometimes it is a permanent condition. 
Casts are often to be seen in the urine, nearly always of the 
small, narrow, hyaline order. These features are usually the 
result of accomponjnng cirrhosis of tbe kidney, which is very 
frequent in gont. Crystals of calcium oxalate are frequent 
features of the urinary sediment. In chronic gout this same 
deficiency of uric acid occurs throughout, though more intermit- 
tently so. 

» Crooiitun Lectures for 1892, 
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Diseases ov the Nebvous Svstbm. 

Epilapsy. — Id the intervals between the epileptic seizui 
oliservations thus fur huve failed to establish any changes of ^ 
couBtant character in the urine, although the iirwi, nric acid) 
ehioriilea, and phosphates have been claimed to he diminished. 
Immoiliately succeeding the attacks the vohime of the urine is 
often markedly increased, of pale color, of low specific gravity^^ 
feebly acid in reaction, and sometimes contains albumin, moi 
rarely sugar. During and imjuediately succeeding the attacld 
the urea and phosphates are increased and deposits of unttl 
and uric acid are common. 

Hysteria. — Perhaps no physical phenomenon is more wido^ 
known than the marked increase and jmle, aqueous api)«&rfl 
of the urine during or immediately succeeding an attack of hyi 
teria. The urine resembles precisely that voided ader copio 
libations of water. The color is pale, " watery," the apt 
gravity is greatly lessened, the acidity is diminished, and t 
solids are relatively reduced. The quantity of urine voided t 
hysterical patients is sometimes very large ; two or evei 
pints is not at all uncommon at one passage. It is, perhaps, iw^ 
generally or widely known that in hysterical states the urine S 
sometimes totally suppressed. Laycock was the first to J 
out this fact, and more recently Charcot has cnllcd special atte 
tion to this matter, and has recorded a case in whii'h no urti 
whatever was secreted for eleven days. The utmost watcbftl 
neas of the patient was ordered , so that deception was 
ble. The patient suffered much of tlie time from voroitin 
and the ejections contained urea. No other serious symptoi 
ensued, and the urine was ultimately re-established spontli 
neously. The author has observed, in cases of hysteria due t 
nervous exhaustion, that the volume of urine for twenty-foid 
hours often becomes reduced to 15 ounces or even less; whiob fa 
attributes to the deficient vascular tension and insutHcient snpid 
of nervous force to the kidneys. 

Meningitis. — The urine in meningitis is more or less higbl 
concentrated. The specific gravity is accordingly high, but tl 
reaction is weakly acid, sometimes alkaline. The phoaphSitt 
are greatly in eseeas, and are readily precipitated in lu 
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amount npoii boiling the urine. The chlorides are normal or 
slightly increased. The quantity of urea ia uniformly above 
normal, the increase usually amounting to 25 per cent, or more. 
The urine usually contains a small quantity of albumin as a 
tranaient condition. 

Diseases of the RESPinATOitv Oroanb. 

Pulmonary Tuberculosis. — The urine is Bubjei't to considera- 
ble variation in its characters in tuberculosis of the lungs, in con- 
eequeuce of the numerous incideutal complicating conditions 
present, — such as diarrhojn, pyresiat periods, copious diapho- 
resia or expectoration, — as well as the great variability in the 
quantity of foot! t.iken. As a rule, the volume of urine is some- 
what augmented. This is largely due to tlie increased quantity 
of water consumed, thirst lieing more or less constant in conse- 
quence of the pyrexia, During attacks of diarrhoia the volume 
of urine decreases temporarily, often to 30 ounces and Bonietimes 
even to 15 ounces. The same decrease precedes a fatal termina- 
tion of the disease. If the appetite remain good, and the disease 
be proceeding without marke<I disturbing features, the urea re- 
mains about normal in quantity, perhaps slightly below. Dur- 
ing marked hectic the quantity of urea diminishes decidedly, 
especiallyjust before the rigors; after the rigors it rises rapidly 
and reaches its highest excretion about an hour before the sweat- 
ing stage begins. In eases of intestinal irritation accompanied 
by vomiting, diarrho^, anorexia, etc., the quantity of urea is sub- 
ject to sudden and decided decrease. Uric acid suffers little, if 
any, reduction ; in feet, it usually rises above the normal range. 
The sulphates are little, if any, affecte<l, — ijerhajis slightly re- 
duced. The excretion of chlorides varies very niucli, the varia- 
tion depending chiefly upon the quantity of food taken, the 
degree of pyrexia, and the degree of elimination by the skin and 
bowels. Tlie quantity of pigment varies in phthisical uriue 
owing to the disturbing influences of hectic, diarrhcea, and py- 
rexia. A pink sediment is often seen in phthisical urine, es- 
pecially during hectic stages, and the precipitated urates often 
Ijecome of a pink or carmine hue, In cases rapidly prc^essing 
toward a fatal issue the diazo reaction of Ehrlich is sometimes 
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oljtiiitietl iu the urine. If this reaction be present for any leugth 
of time the prognosis may be regarded as unfavorable. 

Albumin is often present in the urine of phthisis, the quantity- 
being usually emuU, cxcejit in cases complicated by amyloid 
kidneys. The milder grades of albuminuria are chiefly due to 
impaired nutrition of the renal epithelium, though oecasionally, 
perhaps, the result of i)yre3cia. Renal casts, epithelium, and 
blood arc found in tlie urine exc'e[itioually, the casts chiefly lo 
cases complicated by renal lesions, of which amyloid disease is I 
the most frequent, and this is usually associated with cases of f 
marked chronieity. 

Pneumonia. — The general pyrexial characters of the i 
are well marked in pneumonia. The quantity of urine is dim 
ishcd one-third to oiie-halL The quantity of urea is increased, asl 
is also uric acid ; the greatest increase occurs on the so-called I 
critical days. It is at such times that enormous deposits of 1 
amorphous urates are so often observable in pneumonia,- 
marked than in other febrile diseases of eiiual degree of pyrexia 
The speciHc gravity of the urine is increased 1025 
Pigmentation of the urine is mnrkedly incrcaseil, which inten- 
siflos the color of the precipitated urates to deep brown, red, t 
even carmine. The increase of pigment often reaches two c 
three time*' the normal range. 

The chlorides are invariably greatly diminished or al 
during the early stages and commencing hepatization, 
deficiency of chlorides continues until convalescence is 
established, sometimes for several days after, when they re-app( 
in great excess, indicating their retention during the i 
stages of tlie disease. The absence of chlorides indicates i 
period of danger in pneumonia. The sulphates are uuifo 
increased in pneumonia from one-fourth to one-third above tiM 
normal range; only exceptionally do eases occur without bein 
attended by this increase. The quantity of phosphates in till 
urine suffers more or less reduction. 

Of the morbid products met with in the urine in pneumonia) 
albumin is by far the most constant, the average being about 4 
per cent, of all cases. Albumin usually appears in the i 
the height of the disease, especially daring the stage of eonso 
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dation. Its appearance in notable quantity must be looked upon 
as an unfavorable indication; the death ratio reaches from 45 
to 50 per cent, in such cases, while in non-albiiminuric pneumonia 
the death ratio is only about 15 per cent. The fact that albu- 
minuria is so firequent in pneumonia — perhnpa as frequent aa in 
any other febrile disease — strongly favors the now generallj'- 
nccepted view of the infectious nature of the disease, for albu- 
minuria is now known to be one of the most frequent features 
of infectious fevers. Furtliennore, the albuminuria of pneumo- 
nia is evidently independent of the inteneity or extent of the 
local pulmonary lesions and of the disturbed function of the 
lungs, since frequently cases of the most extensive consolidation 
and urgent dye;pncea are unattended by albuminuria ; while, on 
the other hand, cases of comparatively mild grade are often 
accomjianied by both albmninnria and nephritis, The kidneys 
are often seriously damaged in pneumonia ; the nephritis some- 
times remains comparatively latent throughout convalescence, as 
in scarlatina, to be discovered weeks or months after the pneu- 
monia has subsided, attention being called to the condition 
through unemia, dropsy, or some of the usual syuiptoms of 
nephritis. From the atx>ve considerations, as might be expected, 
the urine of pneumonia often contains Mood, epillielinm, casts, 
and the usual products associated with nephritis. The urine 
also contains an excess of mucus, which renders the urine un- 
stable ; hence, the urine in pneumonia possesses a decided ten- 
dency toward alkaline decomposition, and its reaction quickly 
becomes alkaline upon standing. 

Exceptionally pneumonia is attended not only by diminished 
volume of urine, but also by decrease of the solids, including 
urea and uric acid. Such cases are almost invartablj' character- 
ized by delaj'e*! convaleaoence, diarrhopal attacks, and slow re- 
covery. The proportion of solids in the urine is, in fact, one of 
the most trustworthy guides for prognosis in pneumonia, and 
cases attended by diminished excretion never proceed so favor- 
ably as those in which the solids are excessive. 

During convalescence the volume of the urine increases; the 
quantity of uric acid, urea, and sulphates, previously excessive, 
now gradually diminish to or below the normal range ; while the 
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chlorides, previously held back, now iiierertse considerably above 
normal, often, in fact, to an extraordinary degree. 

Acute Pleurisy. — The urine in pleurisy presents tlic usual j 
febrile type, tbougb not so pronouncedly as in pneumonia. The 
volume is reduced ; the organic solids are increased, notably 
during pyrexia. Both urea and uric acid are somewhat ex- 
cessive. The chlorides, sulphates, and phosphates are but little 
changed ; sometimes there is a reduction in the quantity of chlo- 
rides, but not to any marked degree. Albuminuria is uncoromOB i 
in pleurisy ; sometimes it api)enrs in mild form, but it is usually 
of temporary duration. The urine often contains a very coo- 
siderable amount of peptone, especially during the stage of rcso ! 
lution, when absorption of large serous effusion is in progress, j 
Pleurisy presents an example of the fact that intense pain ottea I 
causes but little effect over tissue metamorphosis, since fbwj 
pyrexial states present so little alterations in urine indicative Ot \ 
tissue waste as does simple pleurisy. 

Acute Bronchitis. — The urine in bronchitis varies much ia ] 
chnractt-r in different cases. This, indeed, is to be expected, 
since the grades of the disease are of all degrees, from slight 1 
catarrh of the large tultcs to disease including nearly all tiM i 
small tubes of both lungs, with collapse of the air-cells, to the < 
extent of entailing sharp dyspnoea. In the latter case the nriiw ' 
approaches the same characters as those in pneumonia. 

In cases of severe diffuse capillary bronchitis accompanied I 
by dyspna'a, there is usually a marked diminution of nearly aU j 
the solid constituents of the urine, more so than perhaps in any-] 
other disease save cholera. Parkes records the case of a young^ 
man who, iluring two days, voided but 294 cubic centimetres of | 
nrine per day, containing only 244 grains of total solids, 1TS:| 
grains of which were urea, 10.8 grains of sulphates, and no oblo- 
rides. There was no albuminuria or symptoms of uraemia, and4 
the urine became gradually established as the patient recovere<t. j 
Moos bns recorded a similar case in a girl who, during the height J 
of the disease, excreted only 9 grammes of urea (139 grains) and'1 
2 grammes of so<lium chloride. The conditions favoring the ro-S 
tention of chlorides are those interfering with proper aSration of J 
the blood, and there is reason to believe that when these coik 
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ilitions nre extreme the same iiiQueiice extends to the entire 
solids of the urine. The urine is occasionally albumiaouB in 
bi'OMchitia, bnt this conditio!] is nearly always transient ; impli- 
cation of the kidneys being rare. 

Diseases of the Digestive System. 

Under the term "dyspepsia" a niinilier of symptoms are com- 
monly grouped which are often of widely different causation, and 
many of which are only recently becoming understood, notably 
some oF the forma associated with auto-intoxication. In chronic 
disorders of the stomach and intestines the nrine is often in- 
creased in quantity, of |jale color, of lowered speeific gravity, 
with a tendency toward iilkaline reaction from fixed alkali. In 
oonseijuence of the alkaline tendency of the nrine, there is a 
proneness to precipitation of the earthy plio9|ihale9, and such 
nrine is often turbid from this cnuse when voidetl. As a sec- 
ondary consequence, vesical irritation is a common accompani- 
ment which not infrequently leads to the formation of gravel. 
The quantity of nrea depends upon the digestive power of the 
stomach. Usually the quantity of urea in the urine is below 
normal, oFten markedly so; the qu.intity of chlorides correspond 
closely with the amount of food taken. 

In disorders of the intestinal tract attended by increased 
albuminous decomposition the urine is apt to contain large 
amounts of so-called indican, and this is especially favored by 
obstinate constipation or obstructive diseases. 

In organic diseases of the stomach and intestines, especially 
if associated with ulcerative changes, the urine often contains 
notable quantities of peptone. A mild type of albuminuria is 
sometimes associated with disorders of the stomach, and it is, 
indeed, remarkable how frequently the so-called functional albu- 
minuria is found associated with disorders of the stomach. In 
such cnscs, though the albuminuria is persistent, often extending 
over periods of years, it is rare to find casts in the urine or 
other evidences of nephritis. Small quantities of sugar are 
sometimes found in the urine in dyspeptic conditions. Of the 
urinary sediments found in digestive disonlers, calciiim-oxalate 
crystals and amorphous phoi'phates are the moat common. 
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EXAMINATION OF URINE FOR LIFE-INSURANCE. 

The examination of the urine for life-insurance has for its 
oliject the determination of the presence or absence of diseases 
of the urinary organs which tend to abridge the normal expect- 
ancy of life. As a special field of urinary diagnosis, this has 
grown to very extensive proportions in nearly all civilized 
countries, and, since the interests involved are so important 
and wide-spread, the subject is well deserving of special con- 
sideration. 

The questions involved in the examination of the urine for 
purposes of life-insurance often call for n high order of skill and 
judgment for their accurate determination, and experience has 
demonstrated that the adoption of systematic methods of eon- 
ducting the examination tiot only simplifies the subject, but also 
renders the conclusions reached more trustworthy. It lias, there- 
fore, become the custom with many insurance associations to 
fiirnish certain rules as a guide in conducting examinations of 
the urine, which are intended to cover the more important points 
of information desired. Notwithstanding these precautions, life- 
insurance associations still find a very large percentage of their 
unprofitable risks arise through diseases of the kidneys which 
have escaped detection. It is with a view of contributing to the 
avoidance of such losses, on the one hand, and, on the other, of 
securing to applicants the privileges of life-insurance to which 
they may be fairly entitled, that the following suggestions are 
presented as a guide for medical examiners. 

A due regard for the interests of his company, as well as for 
his own reputation, shoutd prompt the medical examiner to per- 
sonally ascertain that the urine about to be examined has been 
voided by the applicant. Substitutions of healthy urine by nn- 
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Iiealtiiy appltcnats arc mattci'B or unduiibtLxl Tacts in tbe hietory'fl 
of inaiiranee circles, aud, tliougL fortunately of infrequent occur- 1 
rcncc, tile examiner should be on his guard agaiiiet bucL possible * 
source of inijKwitioD. The applicant bLouU be directed to retaia 
hia urine for, say, two or tliree Lours before presenting himself 
for examination ; and upon liis arrival be sliould be given a clean 
glass vessel and requested to void therein his urine, which ia 
always preferably done in the presence of the medical examiner; 
but if this be impracticable, the temperature of the urine should ! 
he immediately noted in or<lcr to guard against possible imposi- j 
tiou. This method also secures a perfectly fresh sample of urine 1 
— always a matter of prime importaucG — and, moreover, voided 
at a time most desirable for the purpose, viz., after food and 
exercise ; for it should not be forgotten that the urine voided 
on rising iu the morning (which it has become somewhat ' 
the custom to furnish fur these purposes) is the least likely to 
contain either albumin or sugar, when these are present Ul I 
minute ijunntities. 

If the examination of the urine be unsatisfactory, or if then i 
be reason to believe that the sample exnmined be not a fair aver- ' 
age, it will l>e advisable to have the whole twenty-four houra* 
product of the kidneys collected, mineil. and measured, and a 
sample of this mixture examined, and comimred with a freshly- 
voided sample of the urine. 

Phvsicai, Examination op thb Heine. 
Having secured a perfectly- fresh sample of the applicant^ I 
urine, it should be allowed to stand until it cools down to a 
perature of about 75° or 7S° F., and careftil observation made (rf J 
its nppeamiice and ])hysical characters. If the color be i 
light (watery), it suggests diminishdl specific gravity, possibljrl 
hydruria, — diabetes insipidus. Should the color be of decided! 
greenish tint, the possible presence of sugar is suggeBtedt] 
should the color be unduly increased, — reddish, — excess of I 
urates or the presence of blood is inferred; in the first ( 
suggesting rheumatic or gouty conditions; in the latter, ckIt] 
culi or some organic rcnnl or vesical lesion. The tmnsparenc/ 1 
pr opcity of the urine should be carefully noted : if cloudy, adttT 
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a. few drops of acetic or other acid to a sample in a test-tube, and 1 
if tlie uriiie become perfectly cleared tliereby tlie eartliy pbos^fl 
phates iu suspeuaiou was tlie cause of the opacity, their suBjien-r 
sion being due to diminished acidity of the urine, and it siigi^esta.l 
some such coiiditiuo as fasting, dyspepsia, or gcuc-ial deliiiity. , 
If the Opacity of the urine fail to yield to the ncl.ion of an acid, < 
gently warm the upper layers of the urine by holding the test- 4 
tube over a spirit-flame, and if it now clear the opacity ' 
due to suspension of the amorphous urates, the significance of | 
which has already been stated. If, however, the urine still r^ J 
main cloudy after treating it with both heat and acid, the opacity J 
is due to the presence of pus bacteria or cellular elements, anil*! 
the necessity of microscopical exiimination is suggested for diag-l 
nostic purposes. 

The specific gravity of the urine should next be observed t 
the aid of a good instrument, — preferably a Sqiilbb's f 
gravity instrument (urinometer), — and the range should be nea 
1020. If the specific gravity, however, be above 1025, it suggest^ 
the possible presence of sugar; if below 1018, it is suspicions ti 
the presence of albumin, and should lead to further in' 
tions in these special directions. 

The chemical reaction of the urine should nest be ascertAiued^'l 
by means of litraiis-pa|.>er. If found to be very sharply acid, aa'l 
indicated by intense reddening of blue litmus, the [tossibility oC'l 
the presence of sugar is suggested, since the urine is morftf 
sharply acid when it contains sugar than in most other < 
ditions. Should the urine be frankly alkaline in reaction, as 1 
indicated by docideil blue coloration of red litraua-pnper, the 
paper should be dried in order to ascertain if the alkalinity of 
the urine be due to fixed or volatile alkali. If the red color 
return upon drying, after having turned blue in contact witbJ 
the freahly-voided urine, ammonium is pre^iont or volatile alkaliyfl 
and this suggests the presence of some chronic iuflammatoryfl 
condition of the lower urinary tract, most likely the bladder, 
on the other hand, the blue color remain permanent upon dryinj 
the paper, the uriue is alkaline from fixed alkali, and indicate!^ 
unusual alkalescence of the blood, which may suggest fasting,] 
dyspepsia, or vegetarian habits of eating. 
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A cai'cful survey of the plijsioul charaoters of tlie urine, am 1 
just iniHeattd, will often lead further investigatiuu in certain j 
directions, aud uIbo lend confirmatiou to the points brought out < 
by further invostigiitions of the urine. But even tbougti all the i 
physical characters of the urine be found iierfectly normal, the ' 
urine cannot be positively asserted to be healthy until search 
bns been uiude at least for sugur and albumin, since cither or ' 
both of these inay exceptionally be present in small amounta 
without their presence being indicated by a physical Jnspectioa 
of the urine. 

CiiEuicAL Examination. 

The most siin|ile chemical examination of the urine for pur- i 
posen of lifc-insuratice should, at least, include a search for sugar J 
and albumin and a quantitative estimation of the urea. 

Albumin. — If the urine contain albumin in large or even I 
medium quantity, it nill be made apparent by almost any of the ' 
ordinary tests for albumin in use. When, however, the urine i 
contains but minute quantities of albumin, the case is altogether i 
different, and the .greatest care is absolutely necessary not only J 
to lie able, in all cases, to positively identify it, but also to inter- 
pret its true significance. To the search for small quantities of ' 
albumin in the urine, therefore, the following consi derations are j 
intended chiefly to apply : — 

The urine frequently contains such foreign substances as ' 
peptone (dcutero-proteose), vegetable alkaloids, and oleoresins, 
besides an excess of such normal constituents as mucin and urates. 
With fiouie reagents for albumia the substances just named give 
reactions almost precisely like those due to small quantities of 
albumin in the urine. It is of the utmost importance to be able 
to readily and positively distinguish the presence of albumin in 
the urine from the substances just named, >'othing is really 
more simple than to make such a distinction with due regard 
to oberaical laws ; for it consists simply in employing methods 
that give reactions with albumin while they do not give simitar 
reactions with the substances named. This, however, has not 
been the method hitherto uniformly recommended, but, rather, 
it has often been advised to surround old and radically faulty 
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methods (some of wbk-li havi: long outlived their usefuluees for 
this purpose) by correetionu and precautions which render them 
often complex, if not confusing. 

The medical examiner is advised to discard the use of heat as 
a teat fur minute quantities of albumin in the urine. The author 
has ceased lo employ it for such purjiosea for over ten years, save 
ill the form laid down as No. 2, and only thus I'or confirmative 
purposes, for he has long since become acquiiinted with more trust- 
worthy and rendy methods. The following method of applying 
test No. 4, described in the text (l>age T4), will be found to be 
simple, rapid, and trustworthy. Into the bottom of an ordi- 
nary tesUtube pour from 1.^ to 30 drops of acetic acid, and to 
this add about double that amount of aqueous solution of potas- 
sium ferrocyanide (1 to 20). Nest, add sufllcient urine to half 
or two-thirds fill the test-tube. Close the top of the tube wil.h 
the thumb and invert the test-tulie three or four times to insure 
thorough mingling of the reagents with the urine, and then 
stand the tube in a good light. In from half a minnte to two 
minutes, if albumin be present even in minute traces it will 
come plainly into view in the form of a milk-like turbidity. 
This method will bring albumin to view with great certainly, 
while it will not bring similarly to view any of those substances 
named, which often produce albnmtn-like precipitates with many 
Other tests. 

Since Heller's nitric-acid test has hitherto been somewhat 
popular in insurance circles, it may be proper to here state the 
additional reasons for the author's preference for the ferrooyanio 
test. 

The nitric-acid method of Heller is a ready and excellent 
test in the presence of considerable amounts of albumin in the 
urine. When mere traces of albumin are present, however, it 
requires from twenty minutes to half an hour to bring it to light 
with certainty. In addition to this the reactions of this test 
with mucin, olcoreslns, urates, etc., require corrections and pre- 
cautions which demand skillful manipulation and interpretation 
to reach trustworthy results ; and, therefore, the interests both 
of the company and the applicant are best served by the use of 
the simpler and more trustworthy methods. The quantity of 
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albumin in the tirinc is most ntpidly determine<l by tlie c«ntri 
gal method desciibud on page S3.' 

Siynijicattce of Albuminuria. — Having positively ideottfief 
the presenco of nlbuiuin in the urine, in all c&see its true sigi 
canue should be next traced. 

As a rule, minute qunntitiea of albumin in the nrine are 1h 
likely to be the result of serious disease of the kidneys iu yotn 
]>cople than when met with in people beyond middle ftge. 
very considerable [leroentage of such cases in the young beloi 
to that cliiss which ha» 1>een l<?rnie<l physiological or /unction 
albuminuria, terms which arc meant to indicate that the kidRflj 
are not atructumlty dnmaged. In such cases, in addition to tl 
fact that the subjects are mostly young, the urine presents cert 
fairly uniform features, viz. : the specific gravity of the uriiie U 
usually increased to 1025 or above ; albumin is oflen absent t 
the urine on rising in the morning, but tLppeai-s plainly t 
exercise, food, or mcntnl excitement ; the urine is free from rent 
casts and eignificjint morphological elements; and the quantity « 
urea in the urine remains normal. While many such cases ooi 
tinue for years without any marked changes cither in the u 
or in the general health of these subjects, yot a certain prop* 
tion of them ultimately develop into serioni* nephritis. The fl 
that we possess no [rositive data by means of which we c&n « 
certainty distinguish the special cases of this class which i 
ultimately terminate unfavorably from those which will pursos^ 
favorable course, and, furthermore, since nephritis is more lial^ 
to arise fVom slighter causes in these cases than ordinaril7,J 
cnnnul be alllrmed that these cases are safe risks. It has b 
suggested by some authorities that these cases might be accepl 
for a limited endowment insurance of, say, five or ten years, t 
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the safer course for the company would be delay for aufflctent 
time to detevmine the uUimate course of the ease. Tbese qnea- 
tioDs, however, will be determined by the medieal director at the 
home oBice, to whom all the facts and pArticulars of such cases 
should be carefully reported. 

Trscea of albumin are sometimes observable in the urine of 
perfectly healthy people, the reaction being due to dissolved 
morphological elements, and such is most frequently observed 
in women the subjects of lcucoi'rli<eti, or in men with slight 
bladder irritation. If such urine be permitted to stand in a 
conical glass for a few hours, or if it be submitted to the centrif- 
ugal apparatus, a dei>osit, mostly of epithelium and mucous cor- 
puscles, becomes plainly visible to the naked eye. The nucleo- 
albumiii of these structures becoming dissolved out, often ren- 
ders the urine sufficiently albuminous to cause slight reaction 
in testing if the quantity of epithelium, etc., be abundant. It 
may be necessai'y, therefore, in the cases of women, to direct a 
vaginal douche to l>e used previous to voiding the urine for 
examination, while in other cases it may be necessary to quell 
the vesical irritation by medical treatment before passing opinion 
upon the true state of the urine. 

Minute quantities of albumin are often observed in the urine 
of men at and beyond middle age, who not only appear perfectly 
healthy, but who have, as a matter of fact, enjoyed the most 
typical robust health nil their lives. Among this class vnll be 
found the largest number of those cages which have always 
proved so unprofitable to life-insurance associations, through 
concealed or overlooked disease of the kidneys. 

Two features in this class of cases stand out so prominently 
that they are well calculated to mislead the medical examiner, 
viz., (a) the robust general condition of seemingly perfect health 
of the applicant and (b) the minute (often doubtful without careful 
testing) traces of albumin in the urine often accompanying these 
cases. These facts teach us two highly-important lessons which the 
medical examiner would do well to remember: 1. That a healthy 
appearance or healthy personal record of the subject carries less 
weight, in reaching conclusions as to certain pathological con- 
ditions of the kidneys, than in any other disease. 2. That the 
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piyseiiue oF tracea of albumin in tlie urine, liowever minute, « 
often tUe index of irretrievably -dam aged kidneys. 

Glii'onic interstitial nciiliritis, or so-calle<l chronic Bright^ 
disease, to wliieb the foregoing facte esiiecially upplj', is nearly 1 
always llie outgrowth and sequel to robust life, tlie kidneys 
being the first orgmis to fiiil under tin: stress of long-continued 
functional activity in cliininaling the wiiste-inodn(;ls, wLich are 
always excessive in people of large appetites and ample uouriali- 
inent. These cases pi-esent tlie following typical features: Tbe 
subjects are, as a rule, over 4U years of age ; usual history of 
robust health; appetite always good, often heavy ; and the food 
lins consisted largely of meat and highly-nitrogenous products. 
These people usually rise regularly at night— once, twice, or 
oftener — to void their urine, which, to all appearance, is normal 
anil free from sediment. The urine, however, is usually of 
lowered speeillc gi'avity, — 1018 to 1014, — more or less deficient 
in urea, and contains a small amount — often mere traces — of 
albumin. Microscopical examination merely shows the presence 
of a few small, perfectly hyaline oasts. The pulse is always full, 
hard, and unresisting to the Qnger. — almost characteristically 
8o; the second sound of the heart is abnormally lond, and in 
many cases enlargement of the heart is plainly to be observed. 
If the above-named points be kept in view, the medi «l examiner 
will have no diHleulty in recognizing this dangerous class of 
risks. 

Sugar. — In searching for sugar in the urine, it is of prime 
importance to have on hand some trustworthy and stable 
test that may be deiiended upon when required. Pehling's 
solution has been much depended upon, but its well-known 
instability greatly detracts from its usefulness for the purposes 
under uonsideration. Pehling's solution will not keep, for 
reasons explained (page 109), and its preparation requires some 
time and pains. A belter test, more simple in preparation 
and sufHcicntly stable that it may be kept on hand for months 
without impairment of its qualities for testing, is that devised 
by Professor Haines (page 103). This test, if properly manip- 
ulated, will yield as trustworthy results as it is possible for any 
copper test to give. 
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In aeaicliiiig lor aiigiir witli Haines's test, 1 didclim of llie 
tesl-8oliitioi], ill an ordinary test-tulM, should be misfd to ilie 
boiling-point over a spirit-lnmp, nnd the suspected urine should be 
added, drop by drop, iiiitil 8 or 10 drops arc added, &uf not more. 
The test should now be boiled for about half a minute, and, if 
sugar be present, a copious yellow or yellowisli-red precipitate 
will suddenly np[>eiir tbroughout the whole mixture. If no sueh 
veActiou take place, sugar is absent. The chief feature in the 
niMiiipulAtioQ to be kept in mind is not to add more than the 
stated limit (8 or 10 drops) of urine. If this be disreganled and 
the urine be added (as Iti Fehling'a test) to a volume equal to the 
test-solution, or thereabout, any urine may cause reaction when 
sugar is absent, This is due to the fact that noinial urine con- 
tains certain substances (chiefly uric acid, creatinin, etc.) vhich 
possess feebly reducing powers over copper tests; and, there- 
fore, if the urine be aihled iu excess the teat is liable to respond 
to these agents. 

In exceptional cases the urine may contain an excess of 
uric acid or olIiiT reducing subatanres just named, or such 
foreign elements as tannin, cirbolic acid, or vegetable alkaloids, 
which may cause alight reaction with this or any copper test. 
For the moat part, this reaction is usually an imperfect one, the 
test-solution turning green rather than yellow or red, though 
exceptionally a frank yellow precipitate may be formed. Such 
cases, however, in reality are very rare, if the test be manipu- 
lated as directed. Should any doubts, however, arise as to the 
presence of sugar, after thorough eleanaing of the teat-tnbe and 
* carefidly repeating the test in all particulars, as directed, an 
appeal may be made to the plienylhydraiiiu test, as described 
(page 105),wliich may be considered conclusive. Having identi- 
lled the presence of sugar iu the urine, ita exact quantity may 
lie readily and rapidly determined by the author's method, 
already described in the text (page 110). 

Sigmficance of Sugar in (he Urine. — The presence of sugar 
in the urine, in a general sense, is nowise less serious in its 
signification than is that of albumin. As in the case of albumin, 
the tendency has been to look upon small quantities of sugar in 
the urine as of no grave import ; but recently this view of the 
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subject is giving way Lo ft belief tbiit, as n rule, tlie presence! 
of BUgar in tbe urine, regardleBa of tlie quantity, meaus serionftfl 
defect, eitbee in tbe bruin or tlic livur, or in botb, itud tbis vieW'T 
will prove the safer one to follow. It is true that in n few coa«f 
ditions, notably in some forms of indigestion, as well as ove^l 
ingestion of bigbly-sacfhnrine or amylaceous foods, small quaiiha 
titles of sugar may np|)ear in the nrine in the absence of a1 
diabetic state. On tbe other hand, genuine diabetes DiellitnslSil 
often preceded for a time by precisely these symptoms, vis.;:l 
the appearance of small quantities of sugar in the urine, often, , 
indeed, intermittent, but always aggravated by indulgence in 
saccharine or starchy foods. Tbe author is imable to identify 
the special cases of the former class which subsequently do or 
do not terminate in diabetes, but he is able to atllrm, from observa- 
tion, that uiany of these cases of so-called " dij/eslive glycosuria " 
end in fatal diabetes, more especially in young subjects. It has 
lieen truth fully said, by an author of wide experience on this 
subject, that " a man with sugar in his urine is like a bouse that ia 
undermined ; lie will surely foil, but no one can predict tbe pre- 
cise time that the disaster will occur." It will be safer to accept 
tbis assertion as a guide in such cases. 

Urea. — An esaminatiou of the mine can scarcely be con- 
sidered eniiiplete which does not include an estimate of the 
quantity of its contained urea. Representing, as it does, by far 
the greater bulk of the organic output of the kidneys, tbe quan- 
tity of urea in the urine becomes a valuable index of the func- 
tional capacity of the kidneys, and, therefore, serions forms of 
disease of these organs is usually quickly and markedly reflected 
in the diminisheil excretion of urea. 

The estimation of urea in the urine is now a matter of such 
simplicity niid rapidity tlint it ranks among tbe more simple 
manipulative methods, such as testing for idliumin and sugar, 
and, in reality, requires but little more time. The method beat 
suited fur the ]iurposeB under consideration is tliut known as the 
hypobromite test, which is most readily performed with Dr. 
Doremiis's ureometer. A fresh solution of so<lium hypobromite 
is necessary for testing, as the solution does not keep well. This 
ia best obtained as followa; Have on hand a quarter- or half- 
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pound bottle of Itromiue, and, nfUi- ouct oiJi;ii(il witli care, set it 
aside for iiae. Next preiiare a solution of sodiiini bjdroxid 
(oHiistio Bodimii) by dissolving 3 oiincis of tatistic smiiiim (in 
sticks) in 8 uiiiiceid of distilled water, whieb may also be kept 
on bniid for use. In jireparing tlic solution of sodinru liypo* 
brotnite for testing, pour 10 cubic eeiitinietrea of tlie caustic- 
sodium Bolnlioii into a graduated glass, and with tlie pipette 
(furnisbed wiib tbe ureoiueter) take up 1 cubic ceiitinietie of 
bromine' and mix IboruugUly witb tlie caustic-sodium solution; 
next add an e'lual volume of water, and, after tborougbly 
mixing until tiie solution becomes transparenl , fill llie bulb 
of the ureometer witb tlie solution, and incline the instru- 
ment until the liypobromite solution fllla tlie long arm. Next 
tborougbly oleniise the pi[>ette, tind take up 1 cubic centimetre 
of tbe urine and slowly discharge it into tbe bypobromite solu- 
tion, in sucb position tliat tbe disengaged nitrogen-gas will all 
ascend tlie long arm of tbe instrument, wbere It is measured. 
As soon as tlie urea is all decomposed, as indicated by nofnrtber 
ascending of bubbles, read off tbe quantity as indicated by tbe 
amount of nitrogeii-gns marked on tlie long arm of the instru- 
ment. Each numlier repiesents tbe fractions of a grninme of 
urea per cubic centimetre of urine, of whicb 0.02 is the normal 
proportion. If preferred, these ureometers are furnisbed witb a 
noMle indicating tbu number of grains of urea per ounce of 
urine instead of gi'nmmes jwr cubic centimetre." 

The normal quantity of urea is about 512 grains in twenty- 
four hours for a man of H5 pounds weiglit, upon a mixed diet 
and moderate amount of exercise, Tbis gives an approximate 
proportiou of 10 grains of urea per ounce of urine, the wbole 
quantity of the urine lieing 50 ounces. It will lie necessary to 
make nn allowance of about 25 or 30 per cent, from tbis standard 
in order to cover variations caused by differences in weight, age, 
diet, and exercise. If, therefore, tbe gross (jnanlity of urea sink 
Iwlow 350 grains (7 grains per ounce), there is reason to nppre- 

> Avoid hiliaXtig tho utrong vipor of tlie bromltiv, wblcb li ver; IrrltatlDg to 
tlip ulr.pasaace*' 

■Tlieae Iriitrumcnta are riiraUhet] by Elmer A AuienJ, 2u5 and Uil Thlra 
Avxuue, New Turk, wX modtratu oust. 
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Iiciicl the iiri^seiice of some orguiiic diaense of tlie kidneys, 
Sliuiild tlie deflcieiicy be still more mnrked, tlie quaiititj- of urea 
dimiiiisljing to 250 or 200 gmins (5 grniiis per ounce), it fur- 
nislies strong eviilence ordisenaeil kidney's. On the otliev hand, 
n nonnnl ninoiint of nnn in tlie urine, coupleLt willi tUe n1)senoe 
of nlbnraiji tticrefroni, strongl}' intlicntes tli:it llie kidneys ara ' 
Leikltliy. Certain it ia tlint no very advanced renal disease c 
be present under sucli circumstanoes. 

Microscopical Examination, 

A microacojiicnl examination of tlie urine ia often required 
of the medical examiner in cases of applications for heavy 
amounts of insurance. In addition to this, in cases in which ft 
chemical exam i nation of the urine has not been conolusive, a 
niioroscopicat investigation should be made. It is not proposed 
to here enter into tlie technique of microscopy, which every one 
has access to in the numerous works especially devoted to the 
subject. A few general suggestions in reference to tlie 8[)ecinl 
subject herein considered may, however, be of use. 

The urine for raicrosoopioal examination should in all cases be 
fVeahly voided, and it is better to have it somewhat concentrated 
by directing the applicant to abstain from the use of fluids for a 
few hours previous to voiding the urine for examination. Where 
practicable, the sediment is preferably obtained by the centrifu- 
gal method. Slioiild the centrifugal apparatns not be available, 
proceed by adding 10 grains of resorcin, chloral hydrate, or 
salicylie aoid to the urine, in a conical glass, to preserve it from 
cliange, and, after covering the glass, stand it aside for from 
tnenty-fonr to forty-eight hours, until the sediment subsides. 
Then take up from 4 to 6 drops of the sediment, by means of a 
nipple pipette, from the bottom of the deposit, and place them 
in a shallow cell ; cover the cell with a cover-glass, lake up the 
overflow of urine with the torn edge of a piece of blotting- 
piiper, place the slide under the microscope, and examine delili- 
erately with a one-fonrth-inch objective, avoiding too brilliant 
illumination of the field, since too nuicli light tends to render 
hyaline casts invisible, as they are feebly refractive. Careful 
search should be made over at least two slides prepared as above 
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directed, noting the presence and relative niinilicr of pus- or 
blood- corpuscles, but more especially the presenile, iiuiiiber, mid 
characters of any renal cnsts. If no ptitljologicid products be 
found after exutninatioD of two slides, the evidence may be 
considered conchieive in the negative. 

PrcaiA. 

The medical examiner will encounter but little difficulty in 
detecting the presence of pus in the urine of the applicant if it 
be present in any notable quantity. SueU urine is alira3-s more 
or le^s cloudy when voided, and the turbidity does not clear up 
by the addition of nn acid or tlie Application of heat ; on the 
fontrnry, the cloudiness is rather increased by these agents, A 
sediment, more or less pronounced, quickly settles to the bottom 
of the vessel, and if the nrine be decanted from llic sediment 
and liquor potasste added to the latter, it thickens into a Jelly- 
like consistence, and becomes ropy and sticky, as will be 
observed in pouring it from the vessel. Should any doubts 
arise, however, as to the nature of this deposit, the microscope 
will readily reveal the presence of characteristic corpnscles, 
described in the text (page 180). 

The significance of jtynria may be very grave ; it can scarcely 
ever be considered trivial, inasmuch as it points to bacterial 
infection of the nrinnry tract. In people beyond middle age it 
is nearly always a serious matter, since in such peoplt? the resist- 
ing powers of the system against pyogenic germs are much 
diminished, and conseqnentlj- tlie infection under such circum- 
stances is more likely to extend than to subside. Moreover, the 
causes which most often provoke pyuria in elderly people ara 
of a permanent nature. 

On the other hand, pyuria in younger subjects ia often the 
index of tubercular pyelitis, pyonephrosis, etc., which are not 
only, as a rule, incurable diseases, but often rajiidly fatal ones. 
Pyuria in its least serious signilication is the associate of 
mild forms of cystitis in otherwise lie.iUhy subjects, and as 
such it is usually soon recovered from, in young or even middle- 
aged subjects, under pi-operly-directed treatment. On the 
whole, pyuria should be looked upon ae more or less eerious, 
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nnil tlie only safe uuiirse to pursue in tliese cnses is to reconimenij | 
delny of tlie application for a few weeks until it be tieten 
if the condition be a permanent one. 

H^MATtatA. 

Application will §C)ircety be inaJc for life-insurance if blood I 
be present in the urine in siifSuient amount to attract the atten- 1 
tion of the applicant. Should such be tlie case, however, thai 
examiner will not be likely to overlook cases of pronounced | 
hffimaturin, as tUey will be apparent upon the most superficial I 
inspection of the urine. But the uriue may became so highly 1 
colored from concentration &s to conceal minnle quantities of 1 
blood ; or, again, blood may be present in quantities so minutfl | 
that it merely lends to the urine a deep shade of normal colora 
tion. Clonic' inspection will usually distinguish the abnormftll 
tint due to blood, ami upon standing the diatinclion will usually 
be more marked tn the sediment. In cases of doubt, however^fl 
the microscope will readily detect the presence of the blood, i 
quantities however minute it may be present. 

The examiner should always inquire for a history of attackifl 
of hematuria, vith the circumstances associated therewith. Thft I 
appearance of blood in the urine, occurring nt irregular intervals^ ] 
often indicates the presence of gi-nvel, or the beginning of suclil 
still more serious diseases as renal tuberculosis and cancer of I 
the kidney. If hematuria has appeared, inquiries should bal 
made as to its character, the frequency of the attacks, as well U| 
its extent. Thus, if the blood appeared intimately mingled witbJ 
the urine, of dark color, and without clots, it may be conctudeda 
that its source was renal, and it would be presumptive evidenoi 
of the presence of more or less serious disease. On the oth«i 
hand, if the blood appeared somewhat separate from the nrina^ 
of a brighter and more arterial tint, and associated with 
clots, it may be concluded thnt it originated from the lower 
urinary tract, most likely the bladder, and further inquiry is 
likely to elicit symptoms of stone, villous growths, early tubercu- 
losis, or even malignant disease. Unless in the early stagei of-d 
the conditions just named, the accompanying symptoms will be » 
pronounced that they could scarcely be overlooked. There is ^ 
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period, however, in tlie early stages of must of tbese diseases, ^ 
iu wbicii mild liiDmatiiriii may be almost tlie only symptom ' 
observable ; beiice tbe importance of iistertaiuing its occurrence. 
It will be A safe ride for the medical essiniuer to coiisider a 
subject Id danger of serious disease of the kidneys or bladder 
who pi-esents a history of btemnturia, uuless five j'cars have 
passed since the last appearance of such attacks, the urine 
remaining in the interval iu all respects iiormal. 

Calculi. 

An esamiimtion of the urinary organs cannot be considered 
complete without inquiring for any nllacks of renal cobc or the 
passage of calculi by the applicant. A nninber of such attacks 
may Unve occurred, and even small cidcidi may exist and be in 
process of growth iu the kidneys witboiU any evidence thereof 
being present in the urine. 

The passage of renal calculus, however small, is usually at- 
tended by symptoms of so marked and t'liaracteristic an order 
that it will be distinctly remembered by the applicant upon in- 
ter rog.-Lt ion. Tbe sudden onset of paiu in the side without any 
apparent cause ; the intense suffering for some hours, in which 
the pnin estends along the course of the ureter, often retracting 
the testicle on the alTectcd side; frequently accompanied by 
unusea, vomiting, cold perspiration, and even some degree of 
colUpse, and followed by sudden nnd complete relief. These 
forin a chain of phenomena so pronounced and distinctive that 
they are neither likely to be overlooked by the applicant nor 
misinterpreted by the medical examiner. 

A man may have one or more such attacks, and the symp- 
toms may permanently disappear without calculus lodging and 
developing into caicidoiis disease. Such cases are termed siKin- 
taneous recovery; but it is not safe to class cases in this 
category until at least five years have passed since the Inst 
attack, the nriue remaining constantly free from pus nnd blood. 
Under the latter circumstnnces it may be concluded that the con- 
ditions which favored the formation of calculi have passed away. 
If, on tbe other hand, attacks bnve been frequent, and especially 
if there have been recent attacks, it may be concluded that the 
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comiitioiis favoijilile fur tlie (ievelopmeiit of tralciilous ilis 
in the uriiinry tract etill continue, and sucb caBee cannot be 
snTuly reoomitien<led for life-insiiriince. 

From tlie sum of those considerations the following rules 
may be fornmlated, as a concise guide in conducting cxamint^ | 
tious of the urine and rencLing concluHive data as to the con- ' 
ditioD of tlie kidneys and urinary organs in life-insurance : — 

Rules. 

1. Secure a freslily-voided 3nm|iie of urine for examinntion, 
preferably after food and exercise, and be certain that the urine 
examined has been voided by the applicant. 

Jf the examination result in any doubts as to the true con- ' 
ditions pi-esent, procure a sample of a mixture of the whole 
twenty-four hours' product of the kidneys, and also another I 
freshly -voided snuiple of the urine ; examine both of these sepo- I 
rately and eompare ciirefuUy the results. 

3. Ciirefully observe llrst the physical characters of the urine, 
more especially ; (a) The ajtpearance. If cloudy, ascertain the I 
cause, whether due to phosphates, urates, pus, blood, etc. The j 
color, wht'llier light (watery) like hydiiiria, or greenish (iliahetic- -| 
like), or normal straw-yellow. (6) The specific gravity. If 1025 
or above, sen rch for sugar. If Iwlow 1030 search for albumin, 
and also ascertain the total amount of urea, (c) The chemical ] 
reaction. If very sharply acid (possibly dialtetic, rheumntio, or 4 
gouty conditions are present). If alkaline from fixed alkali ( 
(probably debility, dyspepsia or fasting, or vegetable diet), 
ammoniatal (cystitis is suggested). 

3. Examine next for albumin with the ferrocyanic test as j 
directed. Do not ignore the pi-eseuco of albumin, however mi- 1 
nii(e the quantity may bo. If in any doubt as to the presence of 
minute traces, take two perfectly-clean test-tubes half full of ths J 
suspected urine. To one apply the ferrocyanic Il'sI, but to the i 
Other add no reagent whatever. Stand the two side by side i 

n good light for ten minutes. If they remain alike, albumin is J 
absent ; if faint opacity occur in the one with the test, albnmin ] 
is present. 

4. Examine next for sugar with Haines's test as directed. J 
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Boil 1 drachm of this test ; add 8 or 10 drops of the urine, — no 
more; boil again half a minute. If sugar be present, a yellow 
or yellowish-red precipitate will appear. If no such precipitate 
appear, sugar is absent. If a gray or whitish precipitate occur, 
it is caused by earthy phosphates, and not sugar. If any doubts 
arise as to the preseuce of sugar by the copper test, appeal to 
the phenylhydrazin test for confirmation. 

5. An estimation should next be made of the quantity of 
urea in the urine with the Doremus ureometer, but especially if 
the specific gravity of the urine be materially reduced. Should 
the proportion of urea be 25 per cent, below normal, or lower, 
estimate the whole excretion of urea for twenty-four hours, and 
if below 300 grains report the fact to the home office. 

6. In cases in which a microscopical examination of the urine 
is requested by the company, carefully report the following feat- 
ures of the urinary sediment : (a) The presence, quantity, and 
features of pus- or blood- corpuscles, i.e., whether well preserved 
or partly broken down. (6) The presence, number, and charac- 
ters of any renal casts, especially noting their size, whether clear 
or granulated, and if any epithelium or blood-corpuscles are 
seen attached to the casts. 

7. Inquire for a history of attacks of renal colic (passage of 
calculi) or hematuria. Report the number and special features 
of such attacks, especially the severity and length of time they 
may have continued, and the date of the last attack. 
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of araylnid Itiilueys, 359 




of benign growlijs in bladder, 


Gases in the urine. 63 ^^^^| 


Qlobulinuria. 89 ^^^M 


of cholera. 818 


signlfleance of, 89 ^^^H 


of chronic diffune neplirilis, S51 
interstitial nepliritis, 2ii4 


Gtyceru-phnsphoric acid in urine, ^^^^^ 


of chylnria. 280 


Glycogen in the urine, 123 ^^^H 


of cystic disease of kidneys, 803 


Glycosuria, 99 ^^H 


of diabetes insipidus, 283 


signiflcancB of, 100 ^^^^1 


of diabetes mcllitus. 884 


Gtycuronic acid in nrrne. 180 ^^^M 


of hKmoglobJnum, 2T8 


BignlAcance of, 131 ^^H 


of hydronephrosis. 290 


Gout, acute, urine in, 825 ^^^^H 


of passive renal byper«niia. 245 


Granuinr casta, 100 ^^^H 


of pulmonary tuberculosis. 837 
of pyelitis. 295 


Gravel, ammonio-magnesium-phos- ^^^^| 


phate, 320 ^^H 


of pyonephrOHiX 203 


anal^'sis of, 834 ^^^H 


Of renal calculus, 371 


calcium- carbonate. 831 ^^^^| 


cancer, 269 


oxalate. 318 ^^^^1 


embollsni, 374 




misplacements, 2&8 


cyslin. 818 ^^^H 
differentiation, clinical, 383 ^^^H 


mberculoBls, 266 


of nnemia. 375 


indigo concretions, 831 ^^^^| 


of vesical cancer. 309 


inflaniuiatioti, 301 


mixed phosphatic, 820 ^^^M 


stone, 3(B 


proslulic concretions, 381 ^^^^1 


tuberculosis. 307 


317 ^^H 


Diastase in tlie urine, 49 


uric acid, 315 ^^^H 


DiaM reaction in urine. 134 


xanlUin. 319 ^^^H 


Difi^iao nepliritia, acute. 347 




chronic. 251 


Ha'mnluria. 176 ^^^^| 


Digestive system, urine in diseases 


^^H 


Dipblheria, urine in. 380 


signitlcance of. 177 ^^^^1 


Disewesof liver, urine in, 883 


Hrumogtobin in the urine, 08 ^^^^1 


of nervous gysleui. urine in. 336 


detection of. 04 ^^^^H 


of reapiratorv organs, urine in, 


ITiemoglobinurla. 278 ^^^^1 


327 ' 


Hctero-albumose, 86 ^^^H 


Distoma liieuiatobium in urine, 20fl 


Hippuric acid in the urine, SO ^^^^M 




Hyaline easts, 103 ^^H 




Hydronephrosis, 390 ^^^H 


Epilepsy, urine in, 326 


symptoms of, 291 ^^^^H 


Epithelml casts. 189 


801 ^^^H 


-^^H 



Hypers mia, scute renal, 243 

chronic renal, 24& 
nyaterla, urine in, S30 



iDoerte. 49 

iDoalluria. 119 

Inierstilial n«|)hrjtia, acute, 304 

symptoms o1', 2tKS 

urine io, 264 
chronic, 354 

symptomB of, 859 

uriiie in, 3S5 
Iron in urine, 63 

J&undice. urine In, 833 
in acule yellow atrophy. 833 

Kidney, acute diffuse inflammnlic 
of, 847 
acute interstitia] intltimninljon a 
294 



amyloid disease of, S59 

anatomy of, 2.(9 

calculus of. 271 

cancer of, 369 

casts of, in urine.lST 

chronic diffuse inflammation of, 

SSI 
chronic interstitial, iuflammattoa 

of, 294 
cystic diseaau of. 203 
embolism of, 374 
hydronepliroBis of, 290 
hyperemia, acute, 243 

passive, iiH 
roorable. 296 
pyonephroais, 293 
tube re u I OB ia of, 266 

Lactusurta. 11B 

Lcucin deposits iu urine, 170 
signiflcance of, 173 

Leucomnines in urine, 136 

Levuloauria, 117 

Life-insurance, examinalion of urine 
for, 338 
albuminuria, relations of, 336 
calculi, relations of, 847 
collection of iirine for, 334 
hitmatarla, relations of, 346 
microacopical exnmi 
urine for. 844 



Life-inaurance, pyuria, relations ol 
340 

sugar in urine in, 840 

urea. 842 
Lipuria, 1T4 

Melanuria. 178 

significance of, 174 
Meningltia, urine in, SS6 
Hetliod of Icsling for albumin, Hfv 

for sugar. 106 " 

HicrococcuB mate. 302 
UicroBcopical exituiioatiun of u 

for lire-inaunuice, 844 
Milk-sugar in urine, 48 
Mixtid pliosphutic fintvel, 230 
Movable kidney, 298 
Mucinuriii, nbnormul, 97 

normal, 40 

Nephritis, acute diffuse. 247 

acute interstitial, 294 

chronic diffuse. 2&1 

chronic interstitial, 2S4 
Nitrogen'gfts in urine. S8 
Non-pathogenic fungi in urine. 
Normal urobilin, 4,'^ 

Odor of the urine, 

Organic coDStituenla, of theurine, fl 

allnntoin. 86 

creatin nnd creaiinin, 8T 

diastase, 49 

ethereal sulphates, 41 

fatty acids. 48 

fbrmeniB, 49 

glycero phosphoric acid. 48 

hippuric acid. 39 

Indoxvl-potasBiiim sulphftte 
(indican), 43 

lnosl[e,49 

milk-augar, 48 

mucin, 49 

oxalic acid, 47 

pepsin. 49 

phenol -potassium aulphste 
(carbolic acid), 42 

pigments. 4S 

rennet, 49 



uric acid, 30 
urochrom, 47 

uroer^lhryn, 47 
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OsBlale-or-ca!cium eediraenlB, IflO 

signiflcancc of. 163 
Oxalic acid in tlie urine. 47 
OKybutyric acid in urine, 135 
Oxygen-gHfi in the urine, S3 

Passive hyperiBmia or kidneys, 345 
Pathogenic fUngi in the arine, SOS 
Pelvis, renal, anatomy of, SS7 
calculi in. 371 
infliimmation or. 39S 
PeptoDUTia, 86 

Bigniflcance of. 87 
Phenol -potassium Bulphate in urine 

(carbolic ociii), 42 
Phosphates of pormal urine, 65 
Phosphatic sediments in urine, 1G4 

significance of, 166 
Physical characters of 
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I of bladder. 



330 



of kidneys, 230 

of ureters, 241 
Figments of the u 
Pleurisy, acute, ui 
Pneumonia, the u 
Precipitation of urinary sediments, 
147 

by means of the centrifuge, 148 
Prostatic concretions, 231 
ProteldB in the urine, B7 

differential testing for, SI 
Proteoses in tlie urine. 84 
Flomaines in the urine, 136 

properties of, 140 
Pulmonary tuberculosis, 827 

symptoms of, 827 



significance of, IBS 
Pyelitis, 295 
Pyonephrosis. 293 

L urine In, 292 
symptoms of, 203 
Pyrexia, simple, urine in, 813 
Pyuria. 180 
significance of, 182 
Quae 
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Quantitative tests for albumin, 8 
for allantoin, 37 
for bile-acids. 130 
for carbonates, 63 
fbr chlorides, 62 
itrifugal, 64 



Quantitative testa 

for globulin. 00 

for bippurjc add. 40 

for phosphates. 66 
centrifugal, 65 

for sugar, 107 

for BUlpbalea, 69 
centrifugal, 66 

for urea, M 

for uric acid, 33 
Quantity of urine, normal. 15 

Benal calculus. 271 
urine in, 272 
symptoms of, 278 
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symptoms of, 275 
tuberculosis. 266 
urine in, 267 

symptoms of, 268 
Rennet in urine. 40 
Rheumatism, acute, urine In, 82S 
Rules for examiners in life-insur- 
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an atom leal, bacteria, i 

blood. 176 

cylindroids, IDS 

echinococci, 210 

epitbolluni, 183 

fragments of growths. 200 

pus. 180 

renal casts, 187 

spermatozoa, 193 

vermes, 206 
chemical, calcium oxalate, 160 

cystin, 168 

faity. 174 

leucin and tyrosin, 170 

melaoiu, 173 

oxalates, 160 

phosphatic, 164 

urates, 157 

uric acid, 164 
Solids of the urine. 16 
Specific gravity of ibe urine, 12 
■ BpermatoEoa In urine, 198 
I signiScance of, 190 
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StODC. in Uk. Iila.lder. 305 
urine in. 306 
svmptouis or, 306 


ToGts, qunntitaliTO, for phosplmU^ ^^^| 
centrifugal, 65 ^^^H 


In the kidney. 871 


for sugar, 107 ^^H 


urine in. 373 


forsulphales. 50 ^^H 


symptoms ot, 373 


centrifugal. 65 ^^^H 
for urea, A ^^M 


Succinic ncii] in tlie urine, 48 


Sugar in lUe arine. m 
(felecUon of. 101 


fov uric acid, 38 ^^H 


Toxic properties of urine, 141 ^^^H 


ileiBnni nation of, 107 


Transparency of urine, 11 ^^H 


in lire-insumncB exaniiiiaUooB. 


Trvjisia in the urine. 40 ^^M 
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Tulierculoels of bladder. 307 ^^H 


Balpbutcs in tlie urino, e» 


in. 807 ^^H 




symptoms of, 808 ^^^H 


Tests, qualitative, for acclone, 134 


Tuberculosia of kidney, 806 ^^H 


fdriilliumin, 71 


urine in, 367 ^^^H 


for albumoae. 8B 


symptoms of, 268 ^^^H 


foralUutoin, 37 




for bilo-ncids, 139 


^^1 


forbile-pignu-nis. 131 


Tumors, benign, of bladder. 810 ^^H 




malignant, of bladder, 800 ^^H 


forcurbolicirri.!, 43 


of kidney, SIO ^^H 


for cartHimiioB. Ii3 


Tumors, fragments of. in urine, 90D ^^^H 


for chloriiles, ni 


Typboid fever, urine in, 810 ^B 


fcr creaUnin, MS 


Typhus fever, urine in, 881 


for diuccton. IStl 


Tyrosiiiuria. 170 


for fibrin. IHl 


significance of. 178 


for globulin, 00 




fbr glycuronlc acid. 181 


Dnemia, 370 


for biemoglobin, 04 


urine in, 370 


for hippiiric aciU, 40 
for Inkiran. 44 


Bvmpioms iif, 277 


Urate calculi, 817 




Urine, in acute atropbv of livBr, 838 


forlacloiP. 118 


in scute broncbfiis, ~330 


for lovulosf. 119 


in acute diffuse npphritia, 347 


forinudn. 50-08 


in acute ffout, 830 


for normal nrobrlin. 48 


in acute intci«tliial nephritis, 804 


fur uxybutyrio acid. 136 


in acute renal liypi-nem^n, 344 


for iwplnnc. 88 


for pboapbiiton. B7 


in amyloid kidneys. 260 


forsulpiiams, 50 


In benign growths of bladder. 811 


for urcn, 04 


in calculus of bladder. 306 


for uric nci.I. Zi 


in calculus of kidney. 872 


forzanlliiri. 80 


in cancer of bladder, BOO 




in cincer of kidney. S69 


61 


in .-holem, 818 


forallautoin, 37 


in chronic diS'use nepbHtts, 9G1 ^ 


fbr blie-Ncids, 180 


in chronic Intersiilial noptiritH ^^H 


for bile-p)gmcnta, 131 


390 ^^M 


for carbonatea, 68 


cliylurk. 381 ^^^H 


for chloridpa. 53 


in cystic disease of kidneyi, 964 ^^H 


centrifUEAl, 04 
for creatinTn. 38 


in cysttlix. 80S ^^^H 


in diphtheria, 330 ^^^H 


for globulin. 00 


in diabetes insipidns. 383 ^^H 


for hlppuric acid, 40 


in diabetes mellitus. 88S ^^^H 


for indican. 44 


embolism of kidney. 374 ^^H 
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Urine, in epilepsy, 826 
in gout, acute, ^ 
in bsemoglobinuria, 279 
in hydronephrosis, 291 
in hysteria, 826 
in meningitis, 826 
in moyable kidney, 299 
in passive renal hypersemia, 246 
in pleurisy, acute, 880 
in pneumonia, 828 
in pyelitis, 296 
in pyonephrosis, 292 
in renal tuberculosis, 267 
in scarlatina, 817 
in simple pyrexia, 818 
in tuberculosis of bladder, 807 
in tuberculosis, pulmonary, 827 
in typhoid fever, 815 
in typhus fever, 321 
in variola, 820 
in yellow fever, 321 
inorganic constituents, 50 

carbonates, 62 

chlorides, 50 

gases, 63 

iron, 68 

phosphates, 55 

sulphates, 59 
organic constituents, 21 

allantoin, 86 

creatin and creatinin 87 

diastase, 49 

ethereal sulphates, 41 

fatty acids, 48 

ferments 49 

glycero -phosphoric acid, 48 

hippuric acid, 89 

indoxyl-potassium uulphate (in- 
dican), 48 

inosite, 49 

milk-sugar, 48 

mucin, 49 

oxalic acid, 47 

pepsin, 49 



Urine, organic constituents, phenol- 
potassium sulphate (car- 
bolic acid), 42 

pigments, 45 

rennet, 49 

succinic acid, 48 

trypsin, 49 

urea, 21 

uric acid, 80 

urochrom, 47 

uroerythryn, 47 

xanthin, 86 
physical characters of, 7 

chemical reaction, 14 

color of, 7 

composition of, 4 

consistence of, 12 

odor of, 9 

solids of, 16 

quantity of, 15 

transparency of, 11 
Urobilin, normal, 45 
Urochrom, 47 
Uroerythryn, 47 

Variola, the urine in, 820 
Vermes, in the urine, 206 

distoma hsematobium, 206 

echinococci, 210 

fllaria sanguinis hominis, 208 

strongylus gigas, 211 
Vesical stone, 805 

urine in, 806 
symptoms of, 806 
Vesical tuberculosis, 807 

urine in, 307 
symptoms of, 808 

Xanthin, 86 
concretions of, in urine, 219 

Yellow atrophy of liver, acute, 828 
Yellow fever, urine in, 821 
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23. Oiic Acid in the Urine.— Dre.rfua thus degcribes th* 
Ho|ikin?-FoIin melhod of detenniniDg nric oeid: 

111 A solution of_l lltrf voliimp crmtMalns n(H) gtnmt i 



Th( BIBtbOll of 

n » bMlur. add . _ _ . 

nLx thorouffhly. After thi . , . 



■r to bring the bulk o 
lolullon (if polaHlDtu 

-. of luiae I 



■J50 c.c of the nitrate 
Intrt two portions o' 
piff'lon Bdil S p.r, 
iiiirlilj' nnil allow t 



of ™n«'Qlr»t(Ml surphuric 
BolulJoD lit itotsiMlum pei 
or pluk color Bupears. 
lloD eijnali a.75 mlltlRn 

prcelplutlon or nrl'c acl' 
tach im o.c. of urine), i 
loB utr lh« ammuiiluni 



I iiiuaed ihrouBh. this y 



Of the ■mmonlnai enlpbate reagenr and 1 

-"-'""-'- ■■ '--■ — -lently (aiy 

Her. When 
- In divided 
e. To each 

mil thor- I 

— ^---Ipllated ammmiluM i 
a niter and waahed wEtli g 10 ner ' 
"Ipbate ^en wash the pwlpltata I 



a duplica 



r Into 



the same beaker, 



idd in 



acid. 



° l*7o™"th 



tbls t- 



hlch Is leM a 

IB ll to ataod over alghl. ItieD fl 
naahlne wllh cold saturated i 

iDd dlsBolTlng In bol waler (al 
c.c. of concentrated sulphuric ar I 



Bolton HedJcal and Surgical Jounul. 



3. Albomosea in tlriiie. — Elmer mentions the f^'; 
the diseosea in which albumosuria oceura most ' 
Multiple myelonia of bones, tuberculosis, especialtjj"^ 
croupous pnounionin in the stage of resolution, aej' ^ 
etnia, abaci? as, rsrcinama and sarcomft when undi 
retrograde changes, and the leukemias and Ilodj 
after treatment with Roentgen raja. He recomif • 
lowing teat for aibumose as being the most pi 
reagent cnnaists of a 50 per cent, solution of , •g.J 
acid in diatilled water. This reagent precipitatea -* 

proteida found in the urine, but the albumose^ 
n-nrniing the urine, while albuuiina, globulins, < 
that when any or all of the albumin group ai* 
albumosea flltttred the warmed urine will sepnij ^^ 
the albumnaea b« determined by cooling the flltrin^ Av^ 
be tukcn to ovoid prolonged boiling, for if mn,. ■j'fM 
they may be broken down, one of the products entir^ 
iiiose. A very small quantity of albumosea i.derneaL 
by dividing the urine after adding the reagefj. i^M 
one part while cooling the other and comparii^^ andl 
fore a dark surface. 
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ytf. /i^.y. ^^ ■' 
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If desired. 



Answeb,— TUe lutUgo le«t of Penioldt depen* on 
formation of orlhoaEtrobeiiiardetijd loto IndlKO blue. 
Uli of nnhnnltrobeDznldeb^d an dlsaolved ta bot 
after coollns. a Little of tbe fluid to be teatod ind i 
bydraie solution are odded. It acetooe be present thi 
yellow, tben grecD. sod theo btae {lodlio (ormatloa). 
tbe Indigo cBD be BbslieD oat witb cbloroform and fnrtbcr teats 
for Its IdeotllT made. The test oan be applied dlrectlf to the 
urine, and will field a poaUlfe reartloo If acetone be present In 
abundance, but for Ibe delectloo of bidbII ■mDitnCa of acetone It Is 
necesHBry to dlatllt off 30 to 40 c.c, from 250 c.c. of Drloe, using ' 
a cooler. The moat of the acetone paaaes orer In the Brit 10 to Kft 
20 r.c. of Ibe diallllate. and the teat Is applied to the dlatHlale. jrj 
Penzoldt'a teat la very reliable and free from objecllon. Manj pre- {~d 
fer It to LesBl's test. Penaoldt'a article fvlll be found In [he ^ 
Deolitchet Archlv f. kiln. Ued.. vol, ml* (1883). p. 132. Recent [o 
•todies br Rllram and also bj von Melckebecke conBrm tbe rella- lil| 
blllty of the lest. Straaaa' method for the determination o( f|UJ ' 
1i way, qnantltallvelj, for clinical parpoaea, 
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per 



.IntloD 



Is'cIOBed I 
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ranged In a row. six of 
(of urinarj origin) In ct 
10 correspond to 5. 10, I 
liter at urine. Tbe tubes 
control soluthms. They i 



orm. th< 



L 



40 mg. cf Indigo per 
My sealed and E 
kept In tbe dark. To make 
e precipitated wllb 2 ccm. ' 
lead acetate Bolntloo, One placea 5.n ecm. of tbe (lllrace 
ccm. urtne) In a teat tube and adds 10 vcm. of Isatln-hydro- 
chloric acid solution (3i> mg. purest Isatlu (Merck] 
1 liter cbemlcally pure, Iron- free, conceotrated bydrocblotlo 
add). The tube la healed lo bolllnic fnr some seconds, tbcn 
cooled and Ihe contents eilracted by sbnklog with 5 ccm. cbloro- 
forni. This cbloroform extract Is compared nllb tbe six con- 
trol solutions and tbe quantity thus Immediately i 
must be emphaslied that tbeie tests give only approximately 
accurate reaulta. though they are perhaps snOlclent for clinical 
work. More accurate methods, but mncb more dlfllcalt of appli- 
cation, are those of Wang (ZetlicAr. t- pAyttot. Chcmit, vol, nv. 
406). and of J. Bouma {ZeiUc1\T, f. phgtiot. ChemU, 

Tol. mil. 1901. 




stopcock and above 
I la graduated lo S. 10. IS. 20 and 2n c 
of tbe nitrate are added 10 c.c. of Obermayer' 
trated bydrocblorlc acid rantalning 2 grama of percblorld of li 
per liter) and S c.c. chloroform; Ibe tube 1i shaken gently s 
times, allowed to stand for some time and shaken brbId. Tb 
cblnrDfonn snlntlon Is then drawo off, more chlocoform placed In ' 
tbe aeparating funoel, and Ihe process repeated nnlll tbe cbloro- 
form extracts no more color. After this 2 c.c. of tbe combined 
chloroform eitractB are placed In a teat tube ot tbe aame slie and 

form aa the lest tube containing a control awlolloo ot Indlgotln (iJf „ 

Id chlorotorm {I mgr. In l.OOO c.cm.). Tbe colored chloroform [Irfil \ 

solution la dltnled wItb pure chloroform until tbe color la the r, 

same as Ibat of the control lolutlDn. Tbe quantity of Indlean '| 

present la easily calculated. It s Is tbe amount ot cblorof 

cubic centimeters used for extraction, and y tl 

for dilation, then Hzy would give the chlorofi 

whicb tbe amount ot Indigo can be calculated. 

bered tbat tbe teat solution contains 0.001 gm- of 

Indlgotln 

the reaction. The control test tube of the 

should be kept In a dark cupboard. Btrauss baa publlabed 1: 

method In tbe Devttche M«d. Wochenudirlfl, vol. ixli 11602), 

dnced by J. Bouma (Deuttoha tned, Wooftcmcftrt/I, 
1902, p. TOS). Dmima uses a so-called Indlcanuro 



midge'fl improved method of examining the urine in ■upl 
leases of pan c!reati(? diseases are a« follows: A apcclraen of 
twFnty-fouT hours' urine, or of the minced morning and ai 
ing aecretions, is filtered several timea through the sanie ftltar 
paper and examined for albumin, sugar, bile, urobilin and indi' 
can. A quantitative estimation of the chlorida, phosphates 
and urea ia aUo made, nnd the centrifugatized deposit from 
the urine examined microscopically tot calcium oxalate crys- 
tals. If the urine is found to be free from sugar and albumin, 
and of in airid roactiou, 1 cc. of strong hydrochloric aeid 
IspeciBo gravity 1.10) is-mixed with 20 c.c. of the olear fil- 
trate, and the mixture gently boiled an the sandbath in a 
small flask, having a long-stemmed funnel in the neck to act 
as a condenser. After ten minutes' boiling the flask ii well 
cooled in a stream of water, and the contents ninde up to 20 
c.c. with cold distilled water. The excess of acid present 
neutraliMd by oluwly adding 4 grama of lead carboiutte. After 
st-RUiJing for a few minutes the flask is a.eMa cooled In run- 
nint; water and tho contents filtered through a well -moistened, 
ctose-gmined Itller-papfr until a perfectly ctvnr filtrate ia se- 
cured. The filtrate ia then well shaken with 4 grams of powdered 
tribmiic lead aretate and the reaultinft precipitale removed by 
r fillrntion, an absolutely clenr filtrate being obtained by repeat- 

■ ' ing the filtration several timea if necessary. The large amount 

of lead In solution ii removed either by treatment wti' 
stream of sulphuretted hydrogen or by predpitating the lead aa 
a sulphate. For this purpose the clear filtrnte is well shaken 
with 2 grams of finely -powdered sodium sulphate, the mixture 
heated to the boiling point, then cooled to as tow a tempera- 
lure aa possible in a stream of cold water, and the white pre- 
cipitate removed by careful filtration; 10 c,c, of the perfectly 
clear transparent flltrate is made up to 18 e.c. with distilled 
M'Btcr and added to 0.8 gram of phenylhydraiin hydrochlorate, 
2 grams of powdered sodium acetate and 1 ce. of SO per cent. 
acetic acid contained in a small llnsk fitted with a funnel con- 
denser. The mixture Is boiled on a sandbath for ten minntea, 
nnd then filtered hot through a filter paper moistened with 
hot wat^r into a teat-tube provided with a 15 e.c, mark. 
Should the filtrate fail to reach the mark, it is made up ta 
16 c.c. with hot distilled water. Tn well-marked cases of pan- 
creatic inflammation a light yellow, Hocculent precipitate should 
form in a few hours, but it niny be necessary to leave the 
preparation to stand over night before a deposit occurs. Under 
thn microscope the precipitate is seen to consist of long, light 
yellow, flexible, hair-like crystals, arranged in sheaves which, 
when irrigated with 33 per cent, sulphuric aeid, melt away and 
•'i'pippear in from ten to fifteen seconds after the acid first 
touches them 

SAJOUS— L«ct' 'the urine employed for the experiment should be fresh, Uii' 
not have undergone fermentative changes. If alkaline io r 
lion it should be made aeid with hydrochloric acid befortt 
■fl,^ lest is commenced; any glucose that may be present shtMlld 
at add '"^ "■^''I'lved by rcrmentation after the urine hoa be«in bdled 
wilh the acid, and the excess neutralized. 
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BURET— Syphilis In Ancient and Prehistoric Times. 

with a cha|iM[ on the lUtional Ttestmenl vt HyplilllB in [be Nlneleenth Ob- 
ttirjr. Uy Di, F. Durkt. Puiii. Fruioe. TrKUSlated from the French, with Um 
■uthar'8 periulKilan. with notes, by A. U, OUMAKM-DlTHKeilll., M.U..81. Loala,Mu. 

two, treatiiiK of HyphlLis In tlie .Mldille AgH and in Mudetn Tinien, tn now In 
kcUte preinratiun, 

Priuv, In Uniteil Htatae and Oanulit, ai.U.nvt ; Ore>t Britkin. Sa. 8d.t 
France. 7 tt. IB. 

CAPP— The Daughter. 

Her Health, EiluiatioD. witl Weillook. Homely Bnegeetlona lo Mothcn ud 
Daugbtera. Hy William U. Capf. M.t>.. rhiloUelpbli. I3niu. laj jiukm. Attiwt- 
ively bound In Extra Cloth. 

Pric-r, In Linlted Htatcx luid I'aiiadd. ■1.00, net: (ircni llriuin, il>.: 

CATHELL— Book on the Physician Himself. 

And Tlilnm that Conccni lilH Hi-piiUtion and Bucoesa, By D. W. CathbCI^ 
H.I)., Baltimore. Md. TsHTii KoiriON. Autboi's but rctlaioti. Royal UctsTo. 
About 150 pagan. Kitra Clcitb. 

price, in United States and Canada. SS-OO, net 1 QreM Britain, 11^ *a. ; 

C LEV ENQER— Spinal Concussion. 

Surgically CoiiHldered a* a CftUfic at Spinal Injury, and Nenrologicnlly Be- 
atricled to a CiirtHJul^riupti'i" 13'oup. for wbich la KuKgetited the DealKnaUon "Ericb- 
wm'a DiscBBe." as one form at Ibe Traumatic NeuruSL-H. By M, V. Clbvixqer. M.D,, 
CuiiBUltInK Fhyilclan. Reese and AleilBn Minpltalsi Late Palbolaglit, County In- 
SBiie Aaylum, (.'bicapi, eto. Buyal OctaTo. Nearly 4D0 paKSS. With 30 Woud- 
Eograrlngs, 

Price, in United Btales and Canada. •». 00. npt; O rial Britain, 14a. i 



COLTriAN— The Chinese: Their Present and Future. 

Medical. Political, and Social. By Rohsrt ColthaM, Jb., M.D,. Burfeoii In 
Cbaiieof the Preibyterlaii Hoapital and Dispensary at Ting Chow Fu,elc. Fifteen 
Fine GngnvluBii on Bitra Plate Paper. Irom phoEoicrapha at twTiwni, plates, and 
objeou Eturacleilatlc of China. Royal Octavo. 21£ pB«:ea. £a(ra Cluth. with 
Chlpeao Slde-Siamp In gold. 

Price, In Doited BUlea and Canada, ai-TB, net ; Clreat Brilalo, 10a. ; 
France, 13 tr. BO, 

DAVIS— Diseases of the Lungs, Heart, and Kidneys. 

Hy N, a Davib. Jk., A.M.. M.D., Profew>r of ptintlplee and Practice of 
Medicine, Chlcsf-o Meillcal Callegn. etc. IZmo. Uier SOO pages. KitraCli>th. 
race. In DnlUd Blataa and Canada, SLSS. net ; Oreat Britain, Oa. ad. i 
France. 1 Ir. 78. 
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7. Batimation o( nriwiry AmmonU. — Harrower uwn n jtrnd- (Am. 

ttnted tulH- of (!lHss. The test ia inede by fllling the tube up ' 

to the lU mark with thp urine to he tested, and adding 3 
drops of an indicator, in llip form of 0.5 per eent. solution of How tO 
phcnolphtlialein in 50 per cent, alrohol; then 3 or 4 grams 
of ■ potassiiiiu oxalate solution ore added and the tube filled eierclae, Food, 
with water to the xero mark. The tube is closed, Hhaken and [.d. ISmo. tu 
deeinormat soda solution added up to n pink color. The total 
acidity is read off and marked down. Then 2 or 3 cc. of Jn,**i 
dilute formalin solution are added. The pink color is dis- 
rlinrged by th^cids; and decinormal soda solution ia again 
added till tb^^nk color is again produced. Each cubic eenti- 
meter (rf-tff^ormal Roda solution represents 11.00088 gmms 
of ammonia. The amount per rent, is obtained by multiply- 
ing by ten. The normal degfee of urinary acidity fluctuates * 
between 30 and 40 degrees. 
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EDINOER— Structure of the Central Nervous System. 

For Phjtalpinna unci Btuileiiia, By Dil l.tinwiii KoiHorK, Fr>iik(urt-on-ttie- 
Maln. Second Kevlseil Eilllinn. With IBS IIJ ualnitlonB. TrnnBlaUil by Willis 
Hali. Vtttum, M.U., »t. Paul. Minn. Editwl bi C. Euobnb RiooH, A.M.. M.D.. 
Proleunr nl Mental and Nervous DUeasos, Unlretslty of Minnesota, etc. Ro/al 
Octavo. AboataSOpagm. E^ilra Cloth. 

Price, in United States and Canada. VI.7S. net : Ureat Kriiain, Id*. I 

eiSENBERQ— Bacteriological Dlaenosls. 

Talmlar AldK for use In Ftartlual Work. By Janrs KtBENnXiKt, Ph.D.. M.K.. 

Viennx Translated and nngmenteil, with the iHTmlxiiion of the aiitlmr, trom tb* 

second Qenoan E^dlllon. by Norval H. Pirrcs, M.D.. Clil«M{n. Ill, Nearly 300 

paftB. Royal OcUto. bound In Ulutb and in CII-t.T|otn (fir laboratory use), 

Prioe. in United BCatea and Canada. SI -BO. net ; UreaC Briton, Sa. Od.; 

Franco. » fr. 3S. 

PIREBAUan— The Physician's Wife. 

And the TbiiiRa th^t V<:ttain t.> Her Ufe. By RLLXn M. PlRKBAUOH. 
Gracctully written, full of ecinulne humir. and trne to nature, tbis little TOlnme la a 
treunre Uiat will lighten iind brighten many an hour of cara and Korry. Oown 
(MUtd. wo paiRiii, with 41 Otielaal ChaiMter Illnatiatioiis and a Frantispiece Por- 
trait of the Author. Extra aotb. Price. SLM. ueCj Orv&t BtlialD. 6a. Od. 

Special Limited RditloD_Flr9t N» eoplee beantifnlly printed In Photogia- 
vnre Ink nn Bxtra-tlnslity Enameled Paper, with wide margins, sbowlne tlie Illus- 
trations vilb excellent effect. Ileautirally and 3Cti«/-tlTely bonnd In Fine Vellum 
l.lodi and Leather. Price, S3.00, net. The Publlshen rwerre the right to increaae 
this price irithont nntloe. 

QANT and ALL I NO HAM— Diseases of Rectum and Anus. 

By H. G, Gant. M.D„ Prciresmr of RocUl and Anal Sureery In th« Unl»et»lly 
Hedloal Callege. KanauClty^ Leclur 



il and Anal Dlscaaei In 



JWfM/ PviliealMU of »• r. i. Bam Og.. miaMpUt. 



Tr^Dlng Scbool and HocplUl ror Ndtml etc; and U. W. 
8arB«(m to Ib> Ureal Northprn Uosplul, ud Juulor Surgeon lu Bt. Maik't HovlUl i 
far Rectal Dt>eB»ea, [jiDilan, i-ti'. Wllb DiimerDiu IllumntUtiiui. Including kti 
Foil-page L'oluted Phou>-eiignivliig«. Bflyal Oatavo. tn PRKrAHATioH. 

QOODELL— Lessons in Qynaecology. 

By William OoouKLL, A.M, M.U.. sU., Prutftwtr of UlluiPii tiyiwcoliig] 
tlie Unlienlty of Fcniuj Wuilit. With 112 1l1iiiiU>I.lcin>. Tblrd EiUMon. tboruag 
rcvlHcd and grvally pDlsrgiid. One vulume. t-arge Uciavo. 57H lutge*. 

Price, in United Smtes itad tuiiuU, L'loClL SO-CW; Full Bheep, SAJM. 
UlKDunt, ao per cant., inahlug it, net. dolb. M.oo ; uueep. 9*.ao. 
PcMtB«e. »1 cents vitri. Ureat Britain. Cloili, Sa*. «d. i tilieep. SS*. 
Kruiu'o, 30 fr. M. 



ORANDIN and J A RH AN— Obstetric SurBcry. 

KT H. UKANDin. M.D.. OliitftTlc Hurgcon 
Brologi, 



ByEui 
Huepltal : li] 
M.D,, Obstetrlol 
Uucer Hospital, etc. Wlib kboi 
gnplilc riatos. R>i/al Octavn. 
Price. In United SUtea i 



I New York Mate m It j 

KOROB W. JakmaK, 
Sfi York Materaity Huapltal ; a>na>calugist lo Ui« 
Lies Illimtratloiui Intbe tcktaiid IS Full-puge Flintu- 
Ahuut %0 pngca, Kxlra Cloth, 
ml raniida.«B-llV. netiCIreaiBrlUin, ■•■-i 



OUERNSEV— Plain Talks on Avoided Subjects. 

Bj KKNRr N. (liiBHKHKr, M.D„ formerly Prafewor ot Materia Medio and 
Initltiitea In the Ilahnrmann MiidlivllJnllege nf Plilladelphla, etc. Conteota of tha 
Book.— I, Introdui'tory. n. The Inrsnt. III. t'hildhnod. IV. Adc.lewoHce ot ttta 
Malr. V. Ad»l»<«nrfl nl tbe Female. VI. Marriage: Tbe HqbIuukI. Vlt. Till 
WIfa. VIII. HtiBhand and Wife. IX Totho UnfortuuMe. X. Ungln nf Iha »«t 
Itmo. Hound In Kstra Clotli. 



Frice, li 



>I Brllulii, 



HARE— Epilepsy : Its Pathology and Treatment. 

Ily HoHART Amort Haiik, M.H., B.Wc. Prr.fBMor ot Materia 
TIierapeulloK In the Ji>It«non Medli-iU l^ullege. PlilliMlPlpllla. etc. I3iiiu 
Kxtra I'lotli. 

Price, In Unltvd Blaten and CnnailB. «1.3B, nett Great BrlUUn. 41 



HARE— Fever: Its Pathology and Treatment. 

So-oalled 
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and tbe Ijiust tntormatlnn Conermlng the V»» of Iha 
rer and Halii, By Hobaht Ahorv Hahk, M.D., RRc, 
S new platen ot trnrlngi ot various terer canei, iliinrlnjt 1 
■k ttlno conlatn" 3!i caretnlly-prppartd dtatlt. 
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HUIDEKOPER— Age of the DomesUc Animals. 

>iiiIiLeto Tiemtlw on Uie Dentltiun of the Kurae, Ox, tthMp. Hog, bdiI 
DoK. and on tb« viiriou* otLer meuis of determining Ihe aga dF th«e aulnutli. Uj 
Riria SKirrsH Huidekopkb. M.O, Vetetluaiian (Allorc, Fnuire) ; VrnttoMorot 
KuiLtary Medicine and Veierlunry Jurisprudence, American VrfUsrlnary UollefA, 
New York. eW. B-iynl Octavo. 2» pagoB. aOU Wood Eiijtiavlngs. &tir» Clolh. 
Price, In United Htntos and (.'nniulu. Sl-ia. nrt; (JrsiL Britain, tOa.; 



International System of Electro-Therapeutics. 



For Scuaetite, Uaneril 
R. Bio BLOW. M.l>., Feliov 
MeiDl>er nt tlie Pblladclphla Olwietrlcol Sooiet^ ; Member o[ tbe Hocldt« Fran- 
caIn d'Electro-Th^raple 1 Author ol " Oynfficologlciil KlBctrH-TherapeuUcB," ud 
"FBuililarTilkiuu E^ectrioityand Battetiw." utc. Assisted by I tilrty-crsht eminent 
■peclalisM In Karopo and America as associate eitllon. Thoroughly Illmtrnted Hitb 
many Ane Bngrarlngs. UAO pages. Rojal Uctavo. 

Prii'e. In United States and Canada, Extra Olotli. *e>0O, net; Hheep. 

•7.O0 net; Hiiir.Ru«ln, •I'.OO, ni^l. In On-M Britain, Cloth, 34*. 

Shr-i'p. 3Sk : Hnlf-Rti^sln. 4as. In Fmnce, I'liitb. 38 tr. 40 ; Sheep, 

44 fr. 49 : [Iig[.nus.ila, 4(1 tr. «0. 

I VI NS— Diseases of the Nose and Throat. 



A Text-Douk roc RtudenCs and PractltlDi 

Lecturer on Lnrynnology and Otology, Hahnei 

Royal OotsTO. GOT poKe*. With IZB tMnntra 

Uuloreil Figured rtoin Drawines anil Pbnti%nii>li 

Price. In Dnlled States and (.'anada, Ri 

or HalC-Ruseia. SB.OO, net. Ureat Hrllaln. Cloth. V 
or Half-Russia. S8*. France, Cloth, M tr.UOt Sheep 



!y Horace P. IriKa, M.D, 
ledlral l.'olleee or Phllo., etc. 
chiefly original. Including IB 

ith. •4.00, net T Sheep 

Cloth. Ms. «M.t Hheep 

' tIalr-BiinIa, 



* JOAL — On Respiration in Slnglngf. 

For SperlaltsU. Ulnnera. Teacher*. PuLlic Siwnters, etc. Hy DR. JoAL (Mont 
Dorc). TnuiBlated and edited by K. NouRia Woi.FKnDXN, M.D.CanUb., Editor at 
the Joamal of Ijuyngnlogy, etc. ; Vice-President of the British L^ryngologleal 
Association, elit. In Aijrrve Prkfakatioh. NsaBLT R&adi 
Cloth. Crown OclSTo. About aw pages. 



ifslKncd by .I'lHN M. Kkati?io, M.P, This roeoid-boolt l» small, but com- 

U la made In two sizes. tIz : No. U covering onu hnndriid (tOD) exsmlnaUont, 
^ S. corrring two hntidrod (300) examinations. Tbe size at Che book IsTs^ 
and can bo conveniently carried In Ibe pocket, 

rlc«s : No. I, United SUte* and Canada. Cloth, AO cents, net : Oreat 
Rrltaln. as. 6il. ; FrancH, 3 fr. BO. No. 2, Full leather, wllb Side- 
Flip, United SialesandCanads, •1.00. net; llreat Brluln, flB.flil.i 
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KEATINQ and EDWARDS- Diseases of the Heart and 
Circulation In Infancy and Adolescence. 

with an A|ip™dLieiitliled"(.liiilua1 wiudiea on ilie rule- In riuldliood.- 
John M. KKAT[^<], .M.D.. PliiliulM]>liii>. nn-l U-im.iam A. Rdwaiids, M.D., I'l 
delpblK. lllostniteil by PliotoerapUikiu) Woocl-)CnKraving3. AImuI 2K imjteB. »ya. 1 
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I Great BHtein, 



KRAFFT-EBINO-A Text-Book on Insanity. I 

Fnr tlie Vae ut Mii.lenia anU I'l willtlnnBr.. Bj- lit. R. von KRAFTT-EBUf O. 
A'lUiortieil tmiialaiLon <>t tliR KKIU <isriiiaii Eiiltloii Dy ('irABLKHOir-BBRT Chad- 
^OOK, M.n.. I'rofmiior of Ni-rvrmB nit-1 Menial DlKeasm In Mnrion-Hinu Cnilpce At 
Meillclna. Hi. Loula. Mo., rti.', tloyul Octavo. Alwiil mn y»fr*. In PRKi'ARATinN. 

LIEBia and ROHE—Electrlcity in Medicine and Surgery. , 

By a. A. Llxniu. J[., Pli.D., AMlntaiK In Electricily, Joiiiia llni>kliii lltil< 
Teraity. Bic.i and QKunnit IL Ihinlb. M.D., ProroMor of Otiti«triei knti Ilyiileiie, J 
UoiirCB o! PhyKlclkits and Surgeons, IWtlmure, Piiirnicly IllusiratPd li; Wond-f 
KngntrloRiaitil Orljtlnal DinfCnms. Royal Ocuvo. JSSpaism. E!xlni I'lotli. 

Price. In [TiiilcJ Suites anil i^anaila. K3.00, net i Qirat llritkln, 1 la. BH 
FianM, IUfr.4o. 

riANTON — A Syllabus of Lectures on Human Embryology, j 

An InliiHltii^IInn In Uic ht inly of Olistvtrlea nnil (iyna-PoioKy, with aQInaMnr I 
of Eml.ry"l"Ci™l Tprnw. By Waltkh Poktrr Mavton, M.li., t^cctnrer on OIkT 
iilctil<'!< III D''tr<ilt Volli'er of Mniidtio ; Fellow of tiip Iloyal Mii'rononplaikl UoclMjt] 
or t<ir ilrilli'li ZonlnKlcil S»«l«ty. Mc. lnti-rt«v(id tor tnklng notec. uiil II 
llliisl.rnlcil liy Oiilllne T>n*\nfri anil Piioto-KjiKniviiipi. ISnio. Almqt IS prlnta*^ 
|iae>^!i, l>e«lilitB tlie blnnk learn fnr nnlm. Extra Ciotli. 

PricB, In Unltml mate« and OanadB. aLSa. not : Orrat llrtlntn, n«- « 
Fr.ince, t fr. tO- 

MAS5EY— Electricity In the Diseases of Women. 

Witli SiifiMaJ Iteference to tiie Applinatlon of BtronR Currentt B> Q. ItlTTOK 1 
Mamiiy, M.ri,, tAt* Blectro-ThempeutiBt to Hip l'liMBdEl|ilila Orthnpieilii' Hoa^ttf ,J 
■nd Inflrmnry for NenrouB DlBPaaeii, etc Second Kdlilon. Kerlaed and KnlarKcd. J 
WItb New and Ori«1nal WoodEnKrtiTlni^ Eitnt <.-lf<tli. MOpaKeii. 13r 

I'rtrc, in I!i.lled States and Caniidi, »l.no, net; Orrnt Britain, 8«,( 



nedlcal Bulletin Visiting List, or Physicians' Call Record. 

Arranged upon an OriRlnai and Cunventent Moiitlily and Weekly I'laii (or Ul« 1 
t)ally RMordliig of I*rofeuioual VisiU. Handwniely bound tn One almnt I«aUMav,l 
Willi flap. InrliidlnK a Pnrket lor loo«e MDinninndn, etc, rnmiilied with a Ulxottl 
Icad-penoit of excellent quants' and l^niab. Compact and connnlent for carrying la J 
Uleixicket. Hi», txSJiSlnrhea. In three atytea. Hettd /or drtcripUr* eirVuXar. 
No, I. For Tnpatienta daily each montli tor oueyear. at.SS, net. 
No. 3, Fi-rl(i6|iBtlenteHallyMehnionllifor one year, • I -BO. tiiii. 
Mo. B. Ill whieh " The Blanka for lleeordinu Vi«1t» In " are In six (fl) rpninvalila 
aettlniiB, ai.70. net. Hpeelal Mii.lon for itrtnt Britain only, *a. Bil. 
(0) 
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niCHENER— Hand-Bookof Eclampsia. 

Ur, NnEi'g and Cues o[ rucnwrnl I'onviilBionn. Br 1 
.1. H, Htubhs. M.D. ; K. 1). EwiHO. M.D. : B, ThomfSom. M.D,; a. HritBRinfl. 
M.ll. 1ilm«. CLoLlj. rrl<:a, eo CIS., net. Orent BiiCaln, S«- Od. 

nONTaomERV— Practical GynKColosy. 

By E. G. HoHTonitEBV. A.M., M.D., PrnfBMoi ot (Tlluivftl aynSMtolafqr ta the 
■ ■■ " " itt, ete. lu one Rfly»l Ocmto Tolame. 



•MOORE— rietcorology. 

Bjr J. W. MOORR. B.A.. M.Ch., TTniruralt; of Dniilln; Pellnirand ReEiBtru' Of 

tlie Boyal ColleKo ni Phj-Biniwn of Ireland, Bto. Part I. PhyBical Properties of the 
Atmosptiure. Part II. A Conipleic Hlalory of the Cnllod BUtes Wealbet Bureau 
from iu Bcfclnning to the PniMnC nay. «p<H;ially coutrilinted \>j Prof. W. M. 
HABmnaTaii. (.'bid of tbe Wuthor Bureao to Wulilngloo, D.C.. giving «]ao a full 
list of all Ilio Btatlana under tbe immediate cnnirni ol tlie United Statra UuTcrnmmt. 
Part III. WeathPT and CllmalP. Part IV. The Influence of Weather and 8e»«on nn 
DlKue. ProfuHly Ulusirsted throughout. One itolume. Crown UotaTo. OTBrWO 

I'rico. r"«l-P»i<l. lo Unlt*d States and Canada, SV.OO. net : Qrtat Brililn. 
to. 1 France. D tt. no. 

*MY01 N D- Deaf-Mutism. 

By HciLOKK MvoiITD. M.D., of CapenbaEen- The only authorited FhiBllih 
Edition. Comprining Intrndnctlan. Bilciic'iiy and Pnih^igi-iiKiti'. Morbid Aiialnmy, 
Byniptoms and Hciinota'., IHaenosIs, Pro|^(»i*, and Treatment. Urovn Orlava. 
About 300 pagen. Cloth. 

Price, poat-pflld. In tlnlted State« and Cftnada, Va.OO. ni-l; Grpal 



NISSEN— A Manual of Instruction for Giving Swedish 
riovement and Massage Treatment. 

By Prof. HAKTVia NiHHKit. IMb Inntnirlor in 1'byitlcBl Ciilinre and Oym- 
iiaKtlcH at tbe Joiina Ilopkina UnlTerally, Baltimore. Md.. el*. With 4» r ' ' - 
Wood-EograYlnio. lluio. 12H panes. Cloth. 

Price. In ITnitcd SUtes ami Caniidn, St.OO. nei : O 
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Physicians' All-Requisite Time~ and Labor- Savins 
Accou nt- Book. 

BelnE a I.odger and Account- Booh fnr PbyRldnna' U»'. meelins all the Re- 
■liiiremont^ of tbe IiBit and Courts. Deal|n>ed by Wri.i.IAil A. HeTbert, M D., n[ 
E;iutnu. I'a. There is no ext^!Eeratlo^ Id stating that this Acconat-Bookand IiPilKer 
redaces the labor of keeping phynieiane' accnnnta more than one-bnlf, and at the 
uiiiia time (iRCurea the (^rwtlttbt d^ree ot aecnraey. 

Prices: No. 1. 300 |n»bm for WW Account* per Year, eiw 10 i 13, bound 
in ^-Ru«>'iiL, Raised Bark-Bondt. Cloth Sides. In United SMleauid 
Canada, SS.DO, net: Great Britain, Xfla.; Fruice. SO rr. SO. 
No, 2. mo pazes for ]!«n Aconanta por Year, sine 10 x 13, bound in 
■ij-Runsla. Ralanl Baok-Banil*. Cloth Hide*, In United Btatex and 
Csnuta. •8.on 1 Oreal BHIaJn. 4!le.: Knui.^e. «« rr.40. 
Sand (nr deiotiptive circular ahowInK the plan of Ibe book. 
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Physicians' Interpreter. 

Ill Fiiuc Lau|tnM«ii. Kngllab, Pimch, QenDUi. uiil lullan, Kpeclslly amnKod 
fur iliigiioiilii by M. vuN V. The plui of tbfl bouk La a syeMtnattc arraDSMUBntol 
quvtlloiK iipnii Iho tarlous tiranctiu of Pnwticia Medtcliig. and each qii««1ou la M 
wonlpd tbu the nnly aiiawcr rpquired o( Uifi putlent la merely Ves or No. Biiuud la 
full KuHift LeitUicr. Cor eurxlng In tbe pocket. Biie, Gi2*t Incbea. 30* P»CM. 
Priee. Id tf alted Suites and Ciuuida. Sl.OO, net ; Gient Biilatn, «a. i 
FniDGe, « rr, W. 

PURDY— Diabetes. 

tw Ctiiar. HyiuptDmi. )uid Treatment. By Chas. W. Pubdy, M.D.. Ilunurarjr I 
Kellow of the Royil (Jullege of Pbyslclat» uid HurECons o( Kingston; Ai 
"UrlRbl'a DUease and Allied Affeoilona of the Kidneys": Member of the 
Uon of Americnn Phynlclaiia ; Member of tbe American Medical Aaaoclatlon, et(%, I 
etc Wl lb Clinical III ustratlima. ISin.i. ISt pkse*. Extra Clotb. 

Price, In United Btalea and (.'aiiodn. ■1.3S, net ; Ureal UrltiUo. Da. «d. 

PURDY— Practical Uranalysls and Urinary Diagnosis. 

A Manual fur Uiu Vav of Pbyhli'laiis and KtudenCa. Ky Chas. U'. Pdbdt. 1 

M,D., Author of "Diabetes: llaL'auBe. Hympuinia, aiid Treatment"; Member of ImT 

Aaaociatlon of Anierl-^an Pbyeiclana, etc.. elc. With numernus HI nit rations, Includ-J 

ing uvenU Coinred Plalei. Crown Octavo. About 3S0 |iaKea, Ebnra Cloth. 

Price, In Uniied Sutea and Cauada, m».M. net. Ureat Britain, i«b. i 

France, 16tr. SO. 

REnONDI NO— History of Cirv^umcision. 

Prum the Earlleat Tiinea to the Preuiit. Moral uid Pbyslval R«iwoiw for l»J 
Perlnrniiui<« ; with a History of Eunuchlem, HevmaphrrHliam. etc.. and ii( t1 
Different Oiierailona Pmctlced upon the Prepuce. By P. C. RkHokdiho. M.r),,J 
Member of the American Medical Auoclatlem, of Ibc American Public Bealtk 
Aaaociatlon ; V Ice- Preai dent of California Slate Me<tical Society, etc 13ino 
page*. Extra Clotb. Illuatraled with two One fnirpage Wood-Bngravini^ ahawlt^ 
tbe two principal modes of Clrcnmclalon In ancient times. 

Price, in Unlied states and Canada, SI. «S, net: OroM Itritain, Si. fld.; 
France, 7 tr. 7li. A I'opuliir Eilltlon <nnat>ridKo<I), IhiuiiiI 1ij Paper 
Ciffn. Is also leaned. Price. IW oeDta, net; Ureat Britain. »•■: 
France, 3 Fr, Wl. 

REnONDINO— The riedlterranean Shores of America. 

Southern California: lU Climatic, Physical, and Metwirologioal Coiidltlc 
By P. C. Rkmokdtno. M.D. Royal Octavo. ITS panes. With U spiiroprint* Ul 
traliona and S Hoely eiecaled Maps ol the region, showing altitudes, ocean currei 
el«. Bound In Extra Hoth. 

Price, in United Stales and Canada, SI.SS, net ; Groat Britain. Sa. Od. i 
Fiance. > tt. IS. Cheaper edition (unabridged), bound In Paper. In 
United Stales and Canada, 10 cU., net i Ureal Britain, *a, I Fmnee, ft. 

*ROBINSON and CRIBB— The Law and Chemistry RelatiDf J 
to Food. 

A Manaal f«r the Use of persona pmctlcslly interoied in tbe Adminii 
of the Law relatiuK to Ibc Adulieration aii>l Unaoundnesa of Fi»»I luid Ui am By >L J 
MANBf-iBLD RouiHSON, LL.D, (Uiud'in), Solicitor and Clerk to tbe Bboredltol 
18) 



IMieal Fublieationt »f Th» F. A. Da»i» Co., Philaiftlfhim. 

Soniury AutDurity; Law EiatnlnvT for the HHUiIi luiUlute ol PuliUc UwlU, 
vie. : uiil Cecil H. Ceubb. B.»c. (I^inilon). F.I.iV V.rn.. Public Aoklysl to tbs 
Strand District, elc CrowD Octavo. About an) iiagea. 

Price, in Unltal Htatea uid Caixulik, Sa.OO, uat ; Great Britain, •■. i 
France, S b. SO. 

ROHE— Text-Book of Hygiene. 

A CompmbenBlTo TreaUw on tLe FrlnclplM anil Piactloe ol PrsTenllTe Ucdl- 
riue frum >n Americnn Stand-point. ByOEOUUCil. HoaK. M.D., I'rateuor of Ob- 
stetrics iuiiIHyKl«n« In the College nrphyalciuis and Burgeonn, Bal Cluiara ; Member 
ol tbe Ainerlcna Public Health AuovlaElon, etc. Thiiu> Edition, ureraUT 
revised and enlarged, with many Uliutrationl and valuable Tables, Royal Octavo. 
Orel tSO iwgei. Extra Cloth. 



ROHE— A Practical /lanual of Diseases of the 5kln. 

By UKiiKOKll, lli.nfcM.D, laslstedby J, WlLl.tAUn I»hi>, A.B.. M.D., Lect- 
urer OH Detiuutipliigy lunl liaiidugiiig in Che CiiUeRe ul PlijalrjIiuiB and Hurgeon*, 
Baltiniore, eto. ISmo, Over WW pai;i!s. Eitr> t'liilb. 

Price, In Unlteil Bute* and CiuiadB. St.aft, net ; (ireal liritaln, e>- (td. i 
France. I fr. IS. 

SAJOUS— Hay Fever and Its Successful Treatment. 

BRANS, By CHAI1I.KS E. Hajoub. M.D.. Chicr Kdltor " Annnal of the Universal 

Medical ^IcncBS" ; formerly tjeccuier on Khlnology uid jAryngnlugy in tbe JelTur- 

w'n Medics] College, etc. Wltb 13 EnEraviugH on Wo.hI. t:2iQn. F^tni (^olb. 

Price, in tiniccd HxaXm and Canaili, ai.OO, net ; Great Britain, «■. : 

Frnncc. fl fr. SO. 

•SCHUSTER— When is narrlage Permissible after Syphilis? 

Ity 1)K. rtciiusTKH, ..( Aix la-l-hapolle. Translntcd troin the German by C. 
RuTiNitii, M.D.. I>]od'ni. Rvo, x; paeeis. Price. ZS reiiii net. ,.r 1 ebllllaK. 

5ENN— Principles of Surgery. 

By N. Skn.i. M.D.. Pta-D., Pr.ileieor of Prlndples of Surgery and Barglckl 
Pathology In Ruah Medical CoUege. Chk-ago, til. ; Prr>[e!i>H>r ot Bur^ery In tbe 
Cbluagn Polyclinic, elc. Royal Octavo. With IM flue WmHl-Engravtogs. flMpagw. 
Price, In United States and Canada, Clotb. W-BO. net; Slieep er Half- 
Kui»la, SS.fiO, ni-t. Great Britain, Cloth, 34*. M. i Bbeep or Half- 
KnuBla. 30e. France, Clotb, » tr. SO ; Hheep or Halt-Busila, 

SEN N— Tuberculosis of the Bones and Joints. 

By N, Mehk. M.O., Ph,D.. niilhor ol a ten-book iin ihe -Prlndplee of Sar- 
gcry." etc. Royal Octavo. (Jver SMI) pages. Illustrated witb 107 Engravings, many 

Price, in United HMte* and Canada. Extra Cloth, M.M, net : Sheep or 
HalMlossla. •S.OO, net. Urent Britain. Cloth. SXa. 6d.: Hbcep .it 
Half-Russia, an*. France, CloLh. M fr. BO ; Sbeep or Hall-Roaila. 
SO (p. SO. 
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SHOEMAKER— Heredity, Health, and Per^nal Beauty. 

lacluiling Uic HelecKon of tbe Beit L'oHiueticj 
AIJ Haru Kelatliig to tbi' lloily. B7 John V. Haiii 
or M&teriB Modlca, Plianmcoliiay, Tber»i«uUcii. ai 
CHI Profeiuor of DiKuw a! tbe Hkin in the Me(llco-< 
phlH, elc. Hot''' Outarn. ta v*^S^• 

Prioe, tn UqIIhI SUtes uia Cuiada, Ctotli, aa.SO, net; Uftll-Uor 
■3.DO. net. Great Britain, Clotli, l«a.i UilfMurucoo. 10* 
FraucB. Clolh, 10 tr.; Halt Mi.l^iPio, tt tr. 



ilrurgical rolleReor Pbllai 



SHOEMAKER— Ointments and Oleates, 

K^itcctBllf ill DlBOaoes nf the Bkln. By JuIIH V. HnosHAKER. A 



SHOEMAKER— nateria Hedica and Therapeutics. 

with RupmlHl Rererciice to the Cllnlvkl Appllcntinn or Drnea, 3j John 1 
anuKHAKaK, A.M., M.D.. Prntewnr ot Materia Medina. PharmacolotQi and T~ 
(leutiol, awl Clinical Medlolne, and (.'llnical Prorenor of Dlacaaea of the Bkln ID U 
MedlcD-l.*blrurj^Fal Cnll^^ ot riillMlclphln. etc. Sbcond Kdition, TiiOiu>ubHIi| 
RsviHRii. In Two VoluniBi, Eoyal Uuiavo. Nfatly IIOU pusw. Tlic volumes m 
l>e purcboMil «ep4ralely. 

VoLDHB I \KA pnffee) la deinted to Pharmacy, general Phnrmaoology ■ 
Ther*i>euUcs. anil ri^nipdial aeeuM not prat^rly cl 

Price, in United HUt«ii and Canada. Kitra L'loth, Sa.flO, net; Hbe«p, 
•3.SS, net. Ureal Britain. Bitra Cloth. 14a.) Blieep, 18a. Franw, 
Bitra Cloth, ISfr. aOi Bheep, SU Ir. SO. 

VoLrHS IT (TOO pngosl la ulinlly taken up with the con«ideration ot dm 
eaeb remedy bcinR ntudled from ihico luliits o( view. — rli, the Pre)wnilioni, 
Materia Medica; the PbyaloloRy and Tozicoloity. r>r Pharniarnlogy; and, lutly.ll 
Therapy. 

Price, in [fnited 8tiit«i and Canaila. Eitn (.'Inlh. SS.tlO, nnt; Blieep, 
•4.00, net Great Britain, Eiti-a Cloth, ISa. i Sheep, SBa. France, 
Extra Clotb. S) Ir. 40 1 Sheep, tS tt. 00. 

Bach TolUBie to UioroQEbly and carefully li 
indexes, and the aecond Tolnme contain* a moat 
doBcB oxtrndlni! over neveral double^coliinm oulavo paRen. 

SniTH—Physlolosy of the Domestic Animals. 

A Teil-Ilook for Vrtcrlnnry and Meilical KtudanU and rraolll 
ItoBRHT Meahie K«itii. A.M.. M.P., fornierly I'rofessi.r of i'<iiup»n> 
oLogy In ITniFemllyof ppnnaylT.inin. etc. Rnyal OrUTO. Ori>rVa(l]»Be8, 
Illustrated with more ihan 4nO line WiKHl-Bnerayliin. an 

Price, iB United SlaieB and Canada, tnolh, ao-OO. net ; Shei-p 
Ureal Britain. Cleith, 88*. : Hhpei>, 3*". Fnuice. Cloth 
Sheep. 3fi It. SO. 
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SOZINSKEV— nedical Symbolism. 

Historical Htudles in the ArtK of lloatinK and 
KBy. M.D., Fh.D., Author of "ThB iMIinn. of Uea 




Children," etc. 12mo. Nt^arljr auo pigea. Eim Clolb. Approiirlnisl; illiutnMd'9 
with (hirtr (30) new Wourl-Ki]R[aTlnKs. 

Price, in Unltod iSluU« uiil Canida. •l.OO, nut; Uruit Itrituln. 8a-l 

5TEWART— Obstetric Synopsis. 

A ComplsHi Uompend. By John t*. IStewaht. H.D.. Ikte Demooatntot of 
OlHtetrivi ill tbe Mcdlct^Ohinirpical Colloge ut Philwlelpliia i with ui introductory 
Dtite by WiLMAH S. Btbwaht. A.M., H.I).. Bmeritus Froleuotot ObaielHc* anil 
Onueolaer m tlu Meilic<>-(;iiirurEical CoUege or Phllulelpltu. 43 Olualntiuiul. 
•aa pages. l2mo. Extra Blaa Cloth. 

Price, In United HUtas and Caoada. •l.OO, net; Urrsl Brtlatn, «*. 



STRAUB— Symptom Register and Case Record. 

Designed by D. W. IStKai;ii. U.D. Giving In plain vlow, on una aide ot tiM ] 
■beet VX X IO>i Incitaeg. tbe Clinical Record or tbe ilek, Incladlng Date, Name, Bt 
dencc. Occupation. Hymptonw. Inspection (Auacultaciuu and I'ercuiglon), Ulito 
RMplntlon, Pal«e, TeRi]>«iatare, Dtagnoila, Prognosis, Treatmeut (special aiid 
Itenaral), and Remarks, all conveniently arranged, and wltb ample room tor reuiril- 
Ing, at aacb call, for tour dlffereul call*, each Item named above, tbe whole torming 
a cllaloal history oC Individual cases oC great value to every Practitioner. 

Pulillsbed In stiff Board Tablets, of SO sbeeta gach. at SO oenU, net. iwr 
lablct : and in Book-rorm. Oezlhie binding, wltb Alpbatutlcal Margi- 

*THRESH— Water Supplies. 

By J. C. TUBESB, D.Sc.Loud.. M.B.. F.I.C.. F.C.B.. Leaturpr In Sanitary 
8alBnC4, King's College. London. el«. City Antborltlw, Town ('nunclU>, Ixivy 
CoDrt*. C-onnty ConnoUs, Panuor*, Owners of Vlllii or Private Realdence* In thn 
ConntrTi Hettlers In newly-opened District*. Colonists, ete., will find this little bonk 
of extreme value, ai it contains prattlcal lilnia with excellent UlasttatioDB by the 
•oote. Illustrated. One Volmno. Crown Octavo. About SOO pages. Clotl.. 

Price, In the United States and Canada, as.OO, net ; Great Britain, S*. i 
France. » f*. SO. 

•Transactions of the rieetings of the British Larynsological 

Association. 

Vui.uMBl. I)«l. Royal Svo. liepagM. Cloth. Price. a>.ad. (10 cents, nell. 
VoLnHe II. IM2. Royal Kvo. lOO pages. Cloth. Price, a*. 6d. (IS Esota, net). 
VoLnmlll, 18a). RoyalSvo. 106 pages. Price, Sa. Sd. (>a oenta, net). 
Tbe three volmuen together. 6b. (aS.Ott, net) 

ULTZHANN— The Neuroses of the aenito-Urinary System 
in the Hale. 

With SteriUty and Impotence. By Dk. ULTiiKABH. Piofcwor of Oenlto. 
Uilnary DUcasea in the Uulvemity of Vienna, Tnmsiateil, with tii« anihoO |«-r- 
mbislon. by Uabunbb W. Au-Kh. U.D.. Hurgeon In the Oenlto- Urinary D(r|iarl- 
■ent, Beaton Dlspenury. Illustraled. ISauo. dtta Ctotb. 

Prloa, In United titatea and Canada. Sl.OO, net; Ureat BrlMln. Oe-I 
Fraiuia, 9 ir. no. 

{") 



VOUOHT— Chapter on Cholera for Lay Readers. 

Himnij. Bjniplam», Preveatlon, and TraMoieni of ihe DlteitH. By Waltsr 
VonOHT. Pb.B, M.D., lue Mwllcil Illraclor aiid PhjBloiia-lu-tTbSfBf of Ihv KIro 
UUnd QouimUnc IStntiuii. Port ul New Yolk; FclJow of tbe New York Acadimr of 
HMlielDe, etc. Illuatnccd. IZino. lOS [hib««. riexltile Clotb. 

Price, Id UnlMU Sutes and CuiatU, IS oeoU, ott ; Orcal Brluln. 4i. ; 

WITHERSTINE— IntcmaUonol Pocket Medical Formulary. 

Arranged TlierapeuUtiklly. By V, Huhneb Wituerstihk, A.M., M.D., VU. 
Itlng rhyaicliui of the Home for Ihe ARed. Uunuuitowii. PblUd«liitii:i ; latv HouM 
Hargeon to Charity Hn«pltal. New Ycirk. etc. Iiicludlug mure t~ 
from several liuudred well-knawn authurltlee. With an Appendb 
•oluglca] TablF, the newer [emoillH Included ; Formiiln nnd Doaei of HypodermUlo 
Medication. InetudlntC the newer remedlM ; U»e« of the Hj-podcmiatlc HyrlDBe, aUb 
7?i printed liages, beside* eitis hinnk leaTsg far new fonnalK'. EteRanCly printed, 
with red linos, edges, and IwrderB, Illuatmted. Bound In Ijcnlher, with Hide-nap. 
price, in United SUtee and Canada, SS.OO, net; lireat Brltulo, lis. ed.; 
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YOUNO — Synopsis of Human Anatomy. 

BeinE a Complete Compcndol Anatomy, Including the Anatomy of the Vlacerm, ■ 
and NDuierons Tahlus. By JAMES K. YouHO, U.D.. Inctructor In OrthopmUo Sur- 
gery and AwiatBDl DemonstTatur of Hureery. UnlTenlty of Pemuylrania, Me. 
Illustrated with 78 Wood-Engmvinga. SX vaget. 13mo. ExtTH Cloth. 

Prlire, In Unit«l Bute* and Canada, «1,40. net; Oraat Britain. He. M. ; 
France, B tr. ao. 



The following Publications are Sold Only by Subscription, 

or Sent Oireot on Receipt of Price, Shipping 

Expenses Prepaid. 

Annual of the Universal Medical Sciences. 

A Ye»rly iUiiorl of the Progress «> Ihe lleinTBl SnnllHry Sciences Ttaroughont 
the World. Edited liy CHAItLsa E. Sa.tous, M.I>.. f.inneily Lecturer on I»m- I 
goloRy and Rhlnolngy In Jefferson Medical (;ol]r|n>, I'hilaaelphia. etc.. and Bemty 
Aasnclate Editors, assisted by over Two Hundred Ci)rre«|<nndliig Edilars and Col- 
laberaloTs. In Fiyn Royal Octnva Volumes "f about iitn page* esoh, lUiiMiMed 
with Chromo-UthoKrapha, EngraTlnga. Mapa. rh.trt«, and Dlaenun«. Being iDtendtd ' 
tn enable any physician to possess, at a mudenite cmt. a complete 
History of Unlrersal Medicine. 

Suhscrlptlon Price per year (Inclndlng the " (JnlTcrsal Medical Journal " 

for one year), tn Unltvd States, (.loth, B toIs.. Royal OctSTO. aia.OO: 

Hair.RuBsla, SSO.OO. Canada (duty paid). Doth. •IS.OOg Half. 

RuKHia. SaLOO. Great Britain, Cloth. «1 7s,; Halt-Rauia. *0 l^e- 

IiYance, Cloth, B3 fr. B5 ; Hall-Russla. tS4 rr. 39. 
Tlie "llnlreraal Medical Journal" I* a Monthly Reilew of tke praollcad 
branches of Medicine and SDrgeryi and Is supplied tree to the subscribers Id tbs 



Utdical Publications of Ttio F. A. Dari» Co.. PhilaMphh. 



ADAMS— History ol the Lite of D. Hayes Agnew, n.D., LL.D. 

By J. HOWK Adaub. M.D. A fasciiutliig lifc-talEtory of one ul Iha wurld'i 
grekUut lurKeonB. Baftl UuCavo. 37G [i*se«. Uandaamely prinLed, witb PotttklU 
Mill oUier IlluBtntUaus. 

Price, la ITntted BlaUa and (uuuta. Eitra Cloth, •>.S0. neL ; Half. 
MorocoD. out Top. «3.ao, net. Orent Biiulo. riDtb, 14*- i Half- 
Itlorwirn, 1D>. ed. Fiance, Cloth. IS fr. ; Half-MocrKcu, 93 fr. 

KRAPFT-EBINQ— PsychopatliU Sexualis. 

With Efpcriul ItoCorcnce to Conlinrr Mexiinl Instinct : A Medlco-Logttl Sludjr 
of Heiual Insanity. By Db. It. von KKArrr-KBIHO, FraIe«ior at VsydUMry and 
Neundogy. UnlTereity uf Vienna. AntburUed TrauBlaUcin of the Heienth Enlalged 
and Kevlud Uorman Edition, by Cbarlxb Gilbikt CBadDock. M.D.. Prareuoi 
of Nerrnus and Mental Diseases. M&Hon-Sims College at Mcdioioe, St. Louis. One 
Royal Octavo Volame. Oi pageB. 

PtlRe. In the United flutes and C>nBd;^ Llotli. S3.00, net ; flbeop. M.Ott, 
n»t Gmt Britain, Cloth. ITs-i Sheep. Sis. Pmnee. C1r>th.ISI^.SO; 
Sheep, «* ft-, OO. 

RANNEY — Lectures on Nervous Diseases. 

Froui the Stand-Point of Corehral and Spinal Lot-itliiation. and the LaIct 
Methiide Employed In the DisKnosia and Treatinent of these Affeutlons. By Ah- 
HBnsB L. Baknbv. A,M., M.D.. foi^erly Frofaaaor of the Anatomy and Physloli'ity 
of the tferroiu System hi the New York Poat-URwluate Mvdlmd Heiiual and Hoe- 
pi tal, etc. ; Author of "The Applied Anatomy of the Nerrona Kyatom." "PractJcal 
Medical Auatotny," otQ. Frolurcly niustrateid with OrlKln.'d Diaicrauis and Mkotdies 
In Color by the an tbor. caretally selected Wood-E:nE^aTln|c^ and Bepnidnced Pli oto- 
Erapbs n[ Typici^ l.'ases. Boyal Octavo. TBOpaRci. 

Ptloe. In United Btotee and Canada, aotb, SS.M : Hbeep. SS-BO r Half- 
Riusla, BT-OO. OrvBt Britain, rlnih. 33a.i Sb.-at>. Sfl*.; Hilf- 
Rossia. «0a. Ft&noa, Cloth, 34 fr. 10; Bhoep. 40 fr. 4nj Half- 
Hnaala. 43 rr. SO. 

SAJ0U5— Lectures on tiie Diseases of the Nose and Throat. 

Delivered at the Ji'lTeraon Medical Colleeo. I'hiladrlplna. By <*HARI.BB E. 
Hajods. M.D., turuierly liectnrci on Rhlnology and Laryngology In Jeffenon Medi- 
cal CTn1l<>^ ; Vlcfl-Ptesldent of tha American Larynin>lnKlciU AuucUtion. etc. niDa- 
tialed with lOD (Tbronio-UthoicriipbH, tram Oll-ralntinicfi by the aathni, and K 
EngnvlnKB on Wo«± One handsome Boyal OcUvo volume. 

Price, In Oniled Htabts and Canada. Cloth. S4.0Oi Half-Rnssla. Wl.tM. 
fireal Britain. Clutli. aSa. »d, i Sheep or HiUf-Itusaia. aSs. Fiance, 
i.-lolb, i* (r. ao i Hall-Hutwla, 30 U. SO. 

SCHRBNCK-NOTZINQ— Suggestive Therapeutics in Psy- 
chopathla Sexualis. 

By Dr. A. VOK Hchrbnck-Notziko. of Munich. Anthoriicd Translation of 
the Last Enlsreed and Reviaed German Edition, by Chablbb Oilrbkt ChaddoC3^ 
M.D.. Pioressor of Nervous and Mental Diseases. MaHon-Slma ColleRe of Medldne, 
St. Louis, etc. An Invnlnable anpplemenUry volume to DR. It, von KBArrr- 
EBiNO'i msaterly treatise on " PsychopBthlB Sexualis" (also tranalalod by Da. 

aound and eftecUT* principle*. Royal Octavo. About a90p>|[et. NbarlT Bkabt. 
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Ktdleal Publicathna of n» F. A. Oaris Co.. Fhilad^lphia. 



5TANT0N— Practical and Scientific Physioenomy. 

Or. How Ui Iti-iul Faiiw. By MaiiT Di.mhtBd Stantosi. C<i|iii>ualj lUu* 
tntiKl. Two liUKS Itiiya! Ilolaru viiJutuun. l^piKcB. Tu iiliyKlcluUB tbv dLugnaMic 
iotoririUluii conveyod iu tlicw voIhihks in iiivaluublo. To ibe Bciii'inl Knular 
euli paRO npi-iis a new tnin d[ ideiw. (Tills buak lias uo cvrerKiivB vrliaL«vec Id 
FhrenoUigy.) 

Price, [n trmteil Staus aud CbduU. (.'Intli, au-DO; Sheep. ait-OO: Hall- 
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'Journal of Laryngology. Rhinology.and Otology. 

All Aiialyliral Itecord ^f Lurr>!>il Uleratiitu ReluiliiK to lliB Tlitout, Now. and 
Ear. l£su«il on the Pint of EacU Muulli. lOitllod tiy I>K. NuRRla Woi.rKNDKM, Of 

Uon o( Dri. Duudw (iraul, Barclay J. tlaroii, and Hunter MacliHiilH. 

Price, ISa. oi SSJW |wr annum (ineliinlvo uf poBlaKo). For single mpiea, 
bowGvor, n tliaigo ut !■- :id. (30 oeuUj vtlll Ue uindo. tjaiii|ilu Copy, 
25 ccnl«. 

Ttie Medical Bulletin. 

A MuiitlilyJouiiialuCMi-dldneuia Surgery. K-litedbyJoBn V.Sbokmakii^ 
A.U., M.I). Artlclea liy tlie beat pracUcnl wrileii procurable. Krery artlclt w 
brlel oa la coDBtateiit with ttii< preHTTatlan or IU SRleiitlflc valna. Tlierapuutio aaUa 
by the lewleni of tlio niedlcil piotoaaioii ihronghnut Ike world. ThM« and many 
other anl(|ue teaturen help to keep ThK McDIOAL Bumjitih in IM present imdUon 
aa the leading MBIrtcAt MoKTni.V of the world. Subscribe uow. 

Ternw. BLOO a Voar Iu ndvaiice, in t'nilod Ktatea. <-ariada. and Meilcoi 
Enn'-im and Aunlialii. B BhIIIInes ; Fmnce, » mnoa ; Japan, 1 ren) 
Oenuany, » inwk" ; llnlliinil, 3 Onrins. 

The Universal Medical Journal. 

tlily Magazine of tJie Pro 



I of the Wi>rld. Edited by 
Liial of the Unlvpnal Medt< 
Hiilwrrfptiou Frlne. in lliil 

of the Poaul Ui 



lus, M.D., Kdlio). 
U-lvnPiM." 

HtaLvn, •*.00 per year : in otlier 
1, Ba.ad. or tOIr.eo. 



^Medical Times and Hospital Qazette. 

The JoiiTTBlof the Mndtcsil Ptrwililoiiurii' AMocmiioii. Fiilillnlieil Weukl; 
II Adam Street, Blranil, l«iid'.n, W. C. 

Price. «d.i hy poBl, «J4<I, Prr aiiniiin. poat-tree, 8a. ; hsir-yparly. *a. Od. j 
quarterly, >■■ Sd. Abrowl, tSa. Od. per aoniiui (*3.U0|. 







J< 


r ■ 


• 



. > 



// 



iT/ 



/ 



'■"1 



1 

■ 



■ / 

/ 





■3 






■ ■• .' • 



/;• 






2. Cf 





1^3 








■ 




a 








1 


m 




¥ 1 




r ^M 

JSa Furdy.C.W. 24703 ^^H 
fSa PrnoticBl uT>inalyslB ^^^H 
1895 ^^M 






IUt« UUB ^^^^1 




^^^1 






^^^H 




" 


~1^^^H 






^^^H 


^^^^Ei 




^^^H 


^^Hl 




^^^^1 


^Hii 




"^^^^1 






~^^^H 






-^^^H 






'^^^^^1 






j^^^^l 






^H 








J 




/ 


^^^^^^^^1 






^^^^^^H 




■■/ 


^^^1 






^^^^^^BV 






^^ 



